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-. ABSTRACT

This thesis provides the computer software to perform 24

of the most common nonparametri: tests, and a text
explaining how and why to use that s$ftware.

. Nonparametric tests are valuable to experimenters and

operations analysts for three reasons: ease of explanation

to non-statisticians, simplicity of zoaputation, and appli-

cability to data sets which cannot be analyzed by parametric
tests. Reasons for unsuitability of parametric test include

data of nominal or ordinal level of measurement, lack of

common variance, or lack of normal distribution of the

underlying population.

There are two programs provided: Lochinvar, an interac-
tive Pascal program, and Crunch, a Fortran program.

w Lochinvar is designed to prompt and screen a user's entry of
data and options. Crunch performs calculations; it is suit-

able for use in whole or part as a subcomponent of other

programs.
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This thesis is intenled to help non-statiticians use
nonparametric tests to their fullest. The text explains

when nonparametric tests ire preferable to parametric tests,
how to choose the most appropriate test, and how to use the
nonparametric software package.

Parametri: tests are often the preferred form of statis-
tics because of their acceptance in the academic world, the

availability of computer support, and flexibility in model
builling. Nonparametric tests provide a valuable alterna-
tive to parametrics, because they may be applied to data
which, for any one of a number of reasons, cannot be

analyzed with parametric tests. The simplicity of nonparame-
tric tests often make the test statistics easier to compute

and test results easier to explain. Section II gives a
detailed comparison of parametric versus nonparametric
tests.

when confronted with the same hypothesis, various para-

metric tests give consistent results because each test

extracts the same information from the data set.

Yonparametric tests may yield varyia; results with the same
data, because different tests extract different information

from the data set. To overcome thLs potential problem, the
most appropriate nonparaaetric test should be chosen to
analyze the data set. Sectioa IV gives guidance on

selecting the best test.
In order to make usin; nonparizetric tests as easy as

s'%. possible, two proqrams were written to perform the most
common 24 nonparametric tests. A general description of how

to use the programs is contained in section III. Sections V

through XXVIII contain descriptions of each of the tests,

8
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and detailed instructions on their use. The appendices

contain more detailed information about the programs.

Appendix A is a tutorial which depizts use of the programs

to perform a test on a data set. Appendices B through E

describe the two programs and two files. Appendix G

contains the interactive Pascal program, Lochinvar, while

Appendix F contains the Fortran program Crunch.

V.

:J.
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~~~II_ glPAIO1 2Z_ PARI_,IRIC VENSU _NA_MERIC TESTS

This section contrasts the noaparametriC statistical

test with parametric statistics. ro do this, there i sa
short summary addressing various levels of measurement avid

a brief discussion on thq_ relationship between the Xal

distribution -and interval lata. Finally there_ is a c ar-

ison of the advantages of the two classes of tests. Is

will help the reader decile whether to use the tests of this
text.

-. LEVELS OF MEASUREFENT

Statisics manipulate raw data to extract whatever infor-

mation that .lata contains. Level of measurement indicatehow much information is cotained i the data, and how that

information ay be manipulated. Although formally there are

four levels of measurement, as defivls by Stvens [Rf. 2],

thbre are only three which matter when choosing the test:
nominal, ordinal, and interval. As a consistent rule any

information contained in lata of a lower level of measure-

ment is contained in data of a higher level; -any manipula-
Sillhtion permitted on a lower level is permitte on a higher

~level.

.'. Nominal data elements contain wary little information:

..

, only membership in a subset of the total data set can be
determained manipulation of the nominal data sets is

limited to counting the number of elements in each subset.

ordinal data elemen s contain informatioa relative to

other elements: element a is either less than, greater than,
or equal to nach other element in then set. owever, the
question "greater than by how much" cannot be onswered. The

"..nymmesiata set may be ranked.

I10
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Interval data elements contain more info:mation. N:t
only can element A be compared to other elements, bu"

inequalities can be quantified; e.g., A>B implies that thsre

exists a k suzh that A=B+k, and that the k can be found by

k=A-B. The lata set can be manipulated with ncrmal arith-

metic operations, such as addition, division, or raislnq to

a power.

B. LEVEL OF MEASUREMENT AND DISTRIBUTION ASSUMPTIONS

The normal distribution is completely specified by two

parameters: -xpected value and viriance. in estimating

those parameters form a data set, arithmetic operations are

used, and intervals are treated as though they were mean-

inaful. For example, the expected value is estimated by the

sample mean, wmich is found by summing the data elements and
dividing by te number of elements. The variance is foun

by summing the squares of the intervals between each data
element and the sample meaa, and dividing by the number of

elements minus one. Because of the use of arithmetic opera-

tions and intervals in computing its parameters, the normal

distributon seems to require interval data sets.

Parametriz tests assme that a data set contains

elements with an interval level of measurement drawn from a

normally distributed population. Zomparison of two data

sets usually require the assumption of equal variance in the

two populations from which the samples were drawn. There is

a fair amount of literature concerning how valid parametric

tests are when any of these assamptions are violated; a

large, vocal group of statisticians would say that such

tests produce valid results even when the assumptions a-e

decidedly not met. But meeting ill of the assumptions of

parametric tests are the guarantee of validity when usin

such test.

ON1
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Nonparametric tests make no assumptions about the und!er-

lying distribution of the population from which the data is

drawn. Addit iona lly, there ar rionparametric tests to

analyze data with ncminal level of measurement or higher.

Because some nonparametric tests require only nominal or

ordinal data, and don't make assusptions about population

distributions, the power of those tests may be less than
that of paramItric tests-- assuming that the data set justi-
fied use of parametrics in the first place.

C. ADVANTAGES AND DISADVANTAGES OF CLASSES OF TESTS

The advantages and disadvantages of parametric tests are

the mirror image of those of nonparaiatric test. Therefore,

the advantages of each class of tests is given.
* 1. E ._ Tests

-. . ,The general advantiges.of parametric tests are wide

acceptance of methodology, consistency of results, and capa-
bility to handle multiple variables in systematic model

building.

a. wide Acceptance

The wide acceptance of parametric test has a

number of advantages. Statistical software packages contain
a very complete set of parametric tasts, and only a small---

although increasing over time--.umber of nonparametric

tests. Table of the theoretical listributions needed to
judge test statistics (the normal, student's t, chi-square

and F) are extensive and ubiquitous. The terms of the test
are known to a majority of persons trained in the social or

physical sciences; whether the terms are fully understood

may not influence the value of their r-acognition.

12
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b. Consistency of Results

Different parametric tea.s give the same conclu-

sions, given the same null and alternative hypotheses.

Parametric tests all extract the same information from the
data, and merely rearrange it for different purposes. The

parametric distributions are all derived from the normal.'

With related test statistics and similar test distributions

for critical values, it is not surprising that different

techniques give consistent answers to the same question.

Nonparametrics may provide different results to
the same question on the same data set, because different

tests extract different types of information from the data

. set. For enmple, with paired data elements, the sign test

considers only which member of the pair is larger; the

signed rank test needs to know not only which is larger, but

also the magnitude of that difference. Consistency of

results is therefor a possible advantage for parametric

tests. However, this advantage can be minimized by

selecting the best (most powerful) nonparametric test
possible, as discussed in a later section.

c. Versatility in Model Building

The final, and probably most important, advantage

cf parametrics is their versatility in explaning very

complex interactions in data. Analysis of variance can test

differences in treatment effects, multiple blocking effects,

and interaction among treatments and blockings. Regression

can be made to do analysis of variance, (by using nothing

but dichotomous variables), but is even more flexible, by

building models using variables with continuous values

rather than only a fixed number of treatment levels.

The t is a normal distribution in wh 4ch the lack of
knowledge of thepopulation expected value Is corrected for
bi lowered kurtoss the chi-square distribution of degreesoE freedom n is. te sum of squares of n standard normal-stributions; the F- is the ratio of two chi-squa:es.

13
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This versatility of parametrics is based on :he
very strong assumptions made about the populations from

which the data is drawn: literature beyond the elementary

statistics textbook level contains many ways to determine if
the assumptions are met, and what to do when they are not

et.

Nonparametric tests, on the other hand, assume

nothing about the underlying distribution, and often work
with ncminal or ordinal data. Not surprisingly, only very
straight-forward answers can be given for any one test. A
clever application of a sequence of tests to the same data
set may, however, yield answers to a number of different
questions, and provide some inferences on interaction.

2. yanj les gf ILQRrametric l
The advantages of nonparametric tests are simplicity

and applicability.

a. Simplicity
Nonparanetric tests' simplicity allows for rela-

tively easy calculation of the test statistic and critical

value for a null hypothesis. This simplicity also allows
nonparametric tests to be explaiaed to, and defended in

front of, persons who are not trained in statistics.
The test statistic for most nonparametic tests

can be calculated by hand. For example, a set of 20 pairs
of data elements (XY) can be compared for equality of
expected value (E(Z)=E(Y)) by either the t-test or the
nonparametric sign test. The t-test needs sample means and
variances, so some arithmetic operations are required: four

sums of 20 terms each, 40 squaring of numbers, four divi-
sions. In contrast, the sign test requires counting in how
many pairs the I element is greater than the Y element. The

contrast is not always so one sided; as the amount of infor-
mation extracted from the data increases, so does complexity
of computation. For example, rank-order nonparametric tests

14I
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require ranking of data elements, which can become t.dious

in large data sets. However, the process of ranking tands
to be self-correcting, because an unranked or misranked data

value will stand out in a simple sequential check of the

ranks. Arithmetic mistakes !.n squaring, summing, et cetera,

may not be so obvious unless the operation is redone. When

computations are made by hand, therefore, nonparametric test

statisistics are easier to find.

Since hand-held calculators are even more ubiqui-
tous than parametric tables, this advantage of nonparametric

test is less important than it once was. If the number of
keystroke errors is proportional to the number of numbers

entered in the calculator, though, the simplicity of nonpar-
ametric tests may still be an advantage.

Simplicity could also be an advantage in the rare
case when tables of distribution are not available. many

nonparametric test distributions, especially the simpler

tests, rest on the binomial distribution. For small sample
sizes, the binomial can be calculated by hand; with a small
calculator, a distribution for sample size of 20 or 30 can

easily be calculated. The normal, student's t, chi-square

and F distributions lack closed forms for their cumulative
distribution functions. Numerical integration--even if the

density functions were rememberel or available--would be

challenging with a calculator (since all but the normal

require one or more gamma functionsi and probably is beyond

the realm of paper and pencil mathematics.

Simplicity is also a virtue in explaining test
results. Comparison and rankings are fairly easy to follow

(although sometimes difficult to perform), while the arith-
metic operations of parametric tests are less transparent.

Bost non-statisticians have had experience in tossing coins,

rolling dice or some games of chance. Analogies can be made

from those experiences to the evaluation of test results.

5



-'...'." In the previous example of 20 pairs (XY) • with the sign

test producing a test statistic of 4 (i.e., in four pairs,

DY), an analogy could be made to the odds that a coin were

fair if it came up heads four times in 20. Explaining that
same data set with the t-test would require mention of stan-

dard deviations and pooled variances, and perhaps drawing of
' overlapping bell-shaped curves. an audience predisposed to
6disagree vith the test results might be hard to convince

with parametric tests.
b. Applicability

Nonparametric tests can be used on a larger
number of data set than can parameti- tests, because of the

lack of assumptions about the distribution of the underlying

population, and the ability to handle ordinal or interval

data,. This advantage is more vital in the "real world" than
in academia, for three general reasons:

(11 An analyst is sometimes handed data sets to

do something with; for any one of a number of reasons, para-
metric tests may not applicable. Most commonly, the form in

which the data was ccllected in may fail to meet the under-

lying requirements of paraetrics, but meets the require-

ments of nonparametrics.
(2 The cost of gathering interval data is

prohibitive, while ordinal or nominal data can be gathered
at low cost. For example, on a field exercise, uncalibrated

eyes can generally judge distances greater than or less

than, but some sort of instrumentation must be used to

determine the exact magnitude of the difference. The expen-
sively equipped national test ranges are a response to the

need for very accurate interval level of measurement data.
Laboratories, too, are often equipped for fine metrics. But

in field or operational tests, ordinal level of measurement
may be the highest level available.

16
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(3) The experiment wis designed to gather

interval data, from populations with common variance, but

something went wrong. Instrumeatition sometimes fails.

Even if the measurement is accurate, variances may not be

common or the data may not be transformable to look normal.

Rather than giving up, or repeatin; the experiment, nonpar-

amstric tests may answer some questions originally to be

answered by analysis of variance or regression.

-

dL
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A. GENERAL

This section gives a brief leszription of the computer

package. Tests ani described in sections V through XXVIII,

while the Appendices describe the programs and files in
detail.

The computer package consists of two computer programs,
Lochinvar and Crunch. Also involved are three types of CM~S
files: data files and an options file, written by Lochinvar

to be read by Crunch; and output files, written by Crunch,

containing test results.

B. LOCHINVAR

The program Lochinvar (Load CHoices and INput VARiables)

is the user** main contact with the programs. It is inter-

-active, prompting and szreening the user's entries. Its

purpose is to write two types of files needed by the program
Crunch: the data file, and the option file.

211 Iuill
rateLchiavar allows the user to input data in two sepa-
raeways*. h ue must decide which one to use before
staringthe program.

a. Method I: Data Values into a Data Pile
When the data is numerical, the user should

strongly consider this method. Lochinvar prompts entry of
data set and variable names, and of the data set values
themselves. All that information is sent to a file on the
user's IL disk: the user chooses 025 of six files, "tlochi
aftop.peo"lochi f", into which the data is written. Unless

4 to



-rased or over-ritten, the data will be available for
repeated use.

All 24 of the data tests in this text can compute
test statistics from data files. However, a data file

itself is not enough to perform a test; the option file is

needed to reference the data file and communicate the choice
of test and test parameters to Crunch. After a data file is
written, Lochinvar prompts the writing of the options file,
as described in subsection 2, belov.

b. Nethod II: Cell Counts in the Options File

When the data is non-numerical, this is the user's
only option; it may be more convenient even if the data is
numerical. Four of the nonparametric tests handle nominal

data--binomial, Nclemar, chi-square test for independence,

and Cochran. Instead of entering all the data values, the
user may run one of these tests by entering the appropriate

.count of elements which fall into a test's subcategories.

For example, the binomial test can be run on a large data
set by simply entering two numbers: the count of "successes"
and the count of "failures".

In this method of data entry, Lochinvar prompts
entry of cell counts at the same time it is prompting the
test selection and choice of parameter. All that informa-

tion is written to the options file; no data file is

written.

2. TI 2g1.ih os ZIl
The purpose of the options file is to tell Crunch

everything it needs to know to perform a nonparametric test.

In all cases, the options file contains the user's selection
of which test to be performed, the parameters to be used in

that test, and to which CHS output file the output should be

written. If the data values are to be used (Method I), the

cption file states which data file Crunch should read. If
cell counts are used (Method II), the options file contains
those counts, as well as the data set name.

19

-4 % .4 * " i * , " " . " . " % . " " . . - . - . .

4.. . .., '' ,' . - , • . • . • . . . . . . . . . . - . , . . . . . . . .. . .• ,



.. The options file is described in detail, with an

example, in Appendix D.

3. i- AaS och var
In CKS, type "LOCHI". The program will display a

sequence of questions; the user's response will depend on

the method of data enty and test selection.

a. Use of Previously Enter Data

The program asks "do you wish to perform a test
on a previously entered data set?", i.e., one of the six CMS

data files "loch! a",... ,"lochi f".

* If the answer is yes, then Lochinvar asks which

, data set to use. The program reads the data set's name, and

displays it to the user, and asks "Is this the right data

set?" If yes, the user indicates so, and the test selection

is next. If mo, the the user must choose another file.

If the answer to the question of previously enter

* * data is no, then Lochinvar asks whether data entry is by

top data values (Method I) or cell counts (Method II). If the

user wants to enter cell countq, h.e next step is to select

a test. If the user wants to enter a data set, the program

asks:

(1) To which file the input data is to be written

(2) What is the data set name, number of vari-
ables and variable names.

The program will then prompt entry of data

values. If the:. are two variables in the data set, the
user will be offered the choice of entering data pair by

pair; this will only work if there are an equal number of

elements in each of the two variables. Normally, all the

data elements of the first variable will be entered

together, then all of the second variable, et cetera. After

entry of each variable, Lochinvar will offer the user the

chance to check, change or add data elements to the values

just entered.

20
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After the data set's information has been entered,

* Lochinvar writes it to the specified file. Writing of the

options file is next.
b. Selection of the Test to be Performed

After the choice of data entry has been given,

Lochinvar offers a menu of tests from which the user may
choose. If call counts was the chosen method of data entry,

four tests are offered. If a data file is to be used, the

choice set of test offered is determined by:
(1) the number of variables in the data set

(2) whether the varibles have an equal number of

elements
Lochinvar will not offer a test unless the data

set contains at least the minimum amber of variables needed
to perform the test.

Some nonparametric tests require that data

elements of one variable be related to corresponding

elements cf other variables, i.e., that the data set be
paired or blocked. Lochinvar will not offer such a test

unless there ire the same number of elements in each of the
data set's variables. However, variables can be equal sized

but not paired or blocked. The user should not choose an

inappropriate test just because Lochinvar offers it.
c. Output File Selection

The user chooses among six possible output files,

"u listing",... "z listing". The files will be written to

user's A disk after execution of the program Crunch.
Previous contents of the designated file will be overwritten

after Crunch runs.
d. Test Parameter Entries

Each test has different eatries required. See the
section on the desired test, sections V through XXIII for
specifics.
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After the options file has been written, the user

executes the test by typing "CRUNCH" while in CMS.

2. &jSj4S 91 tkj UgrL au =a~h
Crunch reads the options file, and when necessary,

the designated data file. It performs the nonparame'ric
test requested, and reminds the user with a display on the

screen to which output file the results have been written.

Crunch actually writes three files:
a. The Output File

The output files are named "Iu listing", ... , z

listing". At the top of of the file is the label,

consisting of the name of the data set, the number of vari-

ables in the data set, the number of variables used in the

test (if less than the number in the whole data set), and
the names of the variables used in the test. Following the

label is the name of the test performed. The rest of the
output file's format varies, depending on the test chosen.

In general, the output file contain's only the most salient

results of the computations. All output files contain

either a test statistic, or a test statistic and the empir-

ical level of significance for the desired null hypothesis.

b. The Problem Listing File
If there are any problems encountered by the

computer that result in Fortran error or warning messages,
such messages will be written to the CMS file "problem

listing".
c. The Yptest Listing File

This file contains intermediate computations of

the program as it works towards the test statistic. For
example, the Sirncv test requires finding differences in

probabilities of two empirical distributions. Since the

22
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". test statistic is simply the largest absolute difference,

the output file will only list the largest positive and most

negative difference, as well as the test statistic. ".ptest

listing", among other things, will include each diffarence

between the empirical cumulative distribution functions
(cdf's). This listing file is not arranged to be attractive

or suitable for submission, but it is labelled, and may be

of some use in understanding the operations of Crunch.

D. ADDITIONAL FEATURES OF THE PACKAGE

To avoid overwriting input or output files, six of each
were provided. If more are needed, the user can rename some

of the existing files.

Lochinvar is a convenient way to enter data by hand.

When data is generated from other programs or read from disk
or tape, the user may want to create his nwn data file

rather than use Lochinvar. Detailed instructions for this

are contained in Appendix C.
Crunch is written in Fortr-n. Users who are experienced

programmers my want to modify it to suit their own tastes,

or adapt portions of it into their own prtgrams. An expla-
nation of the program is contained in Appendix E. The

program is listed in Appendix G.

E. CONSIDERATIONS IN DATA ENTRY

Lochinvar is written in Pascal, a convenient language

for interactive programs, but a language which may be unfa-
miliar to many users. This section provides sufficient

insight to Lochinvar so that the user can efficiently commu-

nicate choices to the program.

23



".,

When entering numerical data, Lochinvar requires

that the first character read is either a numeral or a minus

sign followed by a numeral. Therefore, to enter a number

between minus one and plus one, precede the decimal with a
"011,

When entering more than one number at a time, leave

a space (not a comma) between the numbers.

If Lochinvar expects a number and gets anything

else, it will halt with an error. This is a convenient way

to get out of the program quickly, bat anything entered on

that run of Lochinvar will be lost. The one exception is

when entering a data set of data values and an options file

in a single run. After the data set is entered, the program

writes it to the designated file, and asks "now, do a test

with this data?" Any subsequent errors will not effect the

data file itself, just erase all additional entries.

When the program prompts for a single letter
response, e.g., "enter Y or N", enter "Y" or "N" and press

the enter key. The program expects and will read only the

first letter. Single letter entries are contained in

"repeat...until" loops which will not allow the user to

procede until one of the offered choices is made.

Do not use the alternate character (apl) setting on

the keyboard while using Lochinvar.

When Lochinvar prompts for the data set name or

variable names, the user must enter from one to 48 charac-
ters. These names are one of the f.w things for which the

program does not offer a chance to correct an error. The
user must be careful, checking the names prior to hitting

the "enter" key. If an error is made anyway, the data or
options file can be corrected using :edit in CMS.

24
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If the program prompts for an entry, enter at least

one numeral or character. The interactive read commands are

in "do while not eoln " (and of line) loops; if the enter

key is pressed with nothing to enter, Lochinvar will halt

with an error, because it attempted to read beyond the end

of the line. As with numerical entry errors, previous

entries will be lost.

.
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IV. j2,jTER OF AVAILABLE NONPARAMETRIC TESTS

A. CRITERIA FOR SELECTIN3 THE MOST APPROPRIATE TEST

In selecting a nonparametric test, the user must

consider three criteria: purpose of the test, data set level

of measurement, and whether the iata elements are relatel

(i.e., paired or blocked).

B. CRITERION I: PURPOSE OF TEST

Nonparametric tests can be successfully used to test for

questions of location, independence/interaction, and listri-

bution. Table I shows a matrix of the nonparametric test
with level of measurement (LOM) o2 the horizontal axis and

"general purpose on the vertical.

Location usually refers to whether the expected value of

one population is equal to that of another, based on sample

variables. 3ther purposes are testing for proportion of

successes or for value of a single population's quantile.

Table 2 lists the locatio, tests with their null hypotheses,
to help the user narrow the choice set.

Independence of two samples refer to statistical inde-
pendence, i.e., correlation of zero. Interacticn may be a

before/after effect, or predictian of one variable by

another. Table 3 lists these tests by their specific null

hypotheses.

Some tests for distribution check for equal variance

among variables. Other tests check a single variable's

empirical cumalative distribution fanction (ecdf} against a

theoretical distribution, with either hypothesized or esti-

mated parameters. Still other tests compare the empirical

26
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TABLE 1

Nonparametric Tests

roosef leel __fe__r.alal

HP- IDterval Ordial Nominal

LOCATICN:

1 var Quantile Binomial

2 var Wilcoxon* Sign**Mann-Whitney

2t2 var Quade* median CochranFriedman*
Kruskal

-Wallis
I NDEPENDENCE/
INTERACTION:

1 var Cox-Stuart McNemar

2 var Correlation Cox-Stuart* R*C Contingency
NP Regression (chi-square)*
MonotoneRegression

DISTRIBUTION:

1 var Kolmogorov (N<31)
Goodness of Fit I

(chi-square ,N> 14l)
SWilkes-Shapiro 4N<311
Lifliefors (N<3 )

2 var Smirnov
Cramer-von Mises

2t2 var Squared Rank
Hartley

indicates that variables must be paired or blocked

cdf's of two variables against each other. Table 4 has a

list of these tests, with their hypotheses, levels of meas-

urement, and other considerations.

The decision matrix indentifies tests suited to each of
these purposes. The specific section on the test should be

checked to be sure that the test will lo what is desired.

A@-
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I~ TABLE 2

Nonparametric Tests for Location

fYOHSS NAME # !AJ§ L:ON SEC PAGE
P(success)=P* Bino mia l 1 N V 30

P (X<x*) =P* Quantil e 1 0 VI 35

E (X) =I(Y) sign 2* 0 IX 47.Mqfn-wh itn ey 2 0 VII 40
Vilcoxon 2* I XI 65

E (9) U... UE(Z) Cochran _22* N XXIII 108
Median -!2 0 XVII 83
Kruskal-Wallis Z2 0 XVIII 88
Friedman _2* 0 XXI 99
Quade >2* I XXII 104

indicates that variables must be paired or blocked

-I TABLE 3
-- Nonparametric Tests for Independence/Interaction

I IY1OTHEIu IMIE .1 11. N2 SEC PAGE
Trend(v. order) Cox-Stuart 1 0 VII 43

Trend (X v. Y) Cox-Stuart 2* 0 VII 43

Before/After McNemar 2* N 1 51

rho(X.Y)= . R*C Contingency 2* N XI 56
(chin-square test

for 2ndepencence)
NP Correlation# 2 0 XIV 69

E (YI X) -a~b*X NP Regression 1>2 1 XV 74( )b0 Monotone Regress Z2 I XVI 79

indicates that variables must be paired or blocked
# gives pearson's and Spearman's rho,Kendall's Tau

28
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TABLE 4

Nonparametric Tests for Location

BIXPOTHESIS NAE H1 12 1& PAGE

var (W) = Hartley >2 I XX 96
.. var(Z) Squared Rank >2 I KIX 92

FX (X) IG*x KolmogoroyIN<3V# 1 XXIV 113
(sprmet es Gconess V Pit 1 I XX 61
parameters) (chisquareN>1'4)

Fx(X)*=G*(x) Lilliefors (N<31)1 I XXV 118 i

(estimated (normal, exponent ial)
parameters) Goodness of Fit# I I XII 61

ilkes-Shapiro 1 I XXVI 121
(no rma 1,N 31)

Fx (X) =Gx (X) Smirnovn 2 0 XXVII 124
F,G: Cramer-von mises 2 0 XXVIII 127 I

empirical cdfs I

# tests mormal,uniform,exponential,weibull,e:lang

C. CRITERION II: LEVELS OF MEASUREMENT

Levels cf Measurement were treated in section II.

D. CRITERICN III: RELATIONSHIP AMONG DATA ELEMENTS

Data set variables may be unrelated, or paired (if 2

variables) or blocked (if more than 2 variables). when

unrelated, the order of variables in the first variable is

not dependent on the order of of all other variables; e.g.,

the data elements of a variable could be entered in any

order. In data sets with unrelated variables, the number of

elements do not have to be equal.

Paired or blocked data sets require sample sizes to be

equal and the order of the elements of the variables

matters. Examples of pairing might be responses of husbands

and wives, the intelligence of twins, the condition of the

same experimental subject before and after the experimental

* ..--' treatment.

29
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E. SELECTING THE BEST TEST

As mentiomed in section II, two different nonparametric

tests applied to the same data set could conceivably give

different results to the same hypothesis. The example was
the sign test and the Wilcoxon signe rank test. The reason
given in section II--that those two tests extract different

informaticn from the data--underscores the reason for the
decision matrix. In general, the most appropriate nonparam-
etric test is one that tests exactly what is desired, and

uses all the available information contained in the data.

Using all the available information implies selecting a test

which requires the level of measurement of the data, and

using a paired or blocked test if appropriate.

These rules require thought. For example, the user
might want to know if procedure X produces better results
than procedure Y. At first glance, that is a problem of
location: is E(X)=E(Y)? However, it could also be consid-

ered a prcblea of distribution: is Fx(z)--Fy(z) ? The test

for distribution would check the empirical distributions
across the entire range of observations, and thus use more

of the information of the data set, particularly important

with small data sets.

The computer package, described in the previous section,
makes running multiple tests on the same data set fairly

easy. The user can explore the results of using different

tests on the same data, to get insight into his problem.
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2. Lsevel 21 11o

3.~V Assmo~j2A

The sample is randomly drawn from the population.

Data may be divided into any dicotoaous groupings, i. e.,

two mutually exclusive and collectively exhaustive qroups.

Here, the groups are called "success9s" and "failures".

Let p* be a specified number Op*<=i.

a. Tvw tailed test

(1) Null hypothesis h3: p-p*

(2) alternative hypothesis hi: p*p*

b. One tailed test

(1) Null hypothesis h3: p!p*

(2) Alternative hypothesis hi: p>p*

..0 c. One tailed test

(1) Null hypothesis h3: pap*

. (2) ilternative hypothesis hi. a<p*

B. ACTICN REQUIRED EY USER OF PROGRAM

. The user specifies which treatment of the data set

is used for the test, a hypothesized proportion of successes
(p*) , and the desired level of si;nificance (alpha*). The

31
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program uses the count of successes and failures; there are

three ways to indicate that dichotomization:

a. The user enters cell counts. This is the only way
to handle non-numerical data, but will work for any data.

b. The user dichotomizes the data set by a user

specified list. This is the way to handle numerical,

nominal data. Data values which are elements of the speci-

fied list are in one set; the rest of the data values are in
the other set. The user indicates whether the list defines

success or failure.
c. The data set is divided in two by a partition

value. This is only possible if the data is numerical and

at least ordinal. All elements above the partition value

are in one set; the user defines whether that set is success
or failure. The values below the partition are the other
type.

2. P!ogfl Lj_&,t-i!n I"t el witohunt__ (choice a ab6ve)
a. Initiatien and test selection

In CBS, type LOCHI. Enter "N" for no to question

about previously entered data. Enter "C" for cell counts.
Enter "U","V",..."Z" for desired output file. When offered a

choice of tests, enter 1.
b. Cell count entry

Lochinvar will ask the number of successes and
number of failures--enter those cell counts.

c. Parameter entry
Lochinvar will ask for a hypothesized proportion

of successes P*, and a desired level of significance,

alpha*. hen prompted, enter those numbers
3- ZaauMI Ukj~t2D wi.&Z p "t yji1 uj (ghpLa.

a. Initial Choices
See section III.C for a detailed explanation of

the following.
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In CHS, type LOCHI. If data is already in a data

tile, enter "Y" to first question, then enter file name;

when offered a test, type 1. If data needs to be entered,

enter '"N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 1. Enter "U",'¥V",..."Z" for desired output

file.
b. Variable and Parameter Choice

When prompted by Lochinvar:
(1) Enter index of variable to be used in test.

Enter whether dichotomizing by list or by partition value

(2) If by list, enter the number of elements in

that list. Enter elements of list. Enter "Y", when

prompted if elements on that list represent success.

(3) If by partition value, enter that value.
Enter "Y" if data elements below that value are successes.

4. ,.g, - . .&LZ

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CHS.

5. Q= t Aserto

The program CRUNCH displays the data file to which

the data has been sent# e.g., "U LISTING". The names of the

data set and the variable used in the test are at the top of

the output file. The empirical level of significance,

alpha-hat, and confidence interval limits, are listed.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

a. Count number of successes. Divide by the total

number of elements to give p-hat.

b. If S20, generate a binomial probability mass

function with parameters .1 and p-hat. Othe-wise, use the
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normal approximation to the binomial, with parameters

N*p-hat and N*p-hat*( - p-hat).

c. Compute tail probabilities
(1) The upper tail probability is the likelihood

that the number of successes is greater than or equal to the

sample number of successes.
. (2) The lower tail probabilty is the likelihood

that the number of successes is less than or equal to the

sample number of successes.
d. Compute the level of sigaficance, alpha-hat

(1) if hO: p-<p*, alpha-hat equals the upper tail
probability.

(2) if hO: p_>p*, alpha-hat equals the lower tail

probabiltiy

(3) if hO: p-p*, alpha-hat equals two times the

minimum of the upper and lower tail probabilities

e. Compute the interval, N less than 21
(1) Let yl - number of successes minus one, =

index of the pmf of the lover tail probabilty. Vary p*',
O p*<-p-hat, until the lower tail probability equals

alpha*/2. P* is the lower confidence limit.
(2) Let y2 - number of successes plus one,

-index of the pmf of the upper tail probability. Vary p*,

p-hat~p*<-1, until the upper tail probability equals

alpha*/2. This p* is the upper confidence limit.

f. Compute the interval, N greater than 20
(1) Compute the standard error of estimate by

taking the square root of the quantity (number of successes

minus the number of failures, divided by N to the third).
(2) Find the value z, which is the desired quan-

tile, 1-alpha*/2, of the standard normal distribution
(3) The lower confidence limit is p-hat minus z

tines the standard error. The upper confidence limit is
. p-hat plus z times the standard error.

34
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2. PLgg 2lrtin
a. Determine the cell count

b. If N is less than or equal to 20
(1) Generate a vector of N choose k, k=0,1,...,N.

(2) Generate a binomial pmf, with parameters N

and p-hatunumber of successes divided by N.
(3) Compute the tail probabilities
(4) Compute the empirical level of significance
(5) Using the previously generated N choose k

vector, generate partial binomial pmf's, with terms 0 to

number of successes minus one, or number of successes plus

one to N. A bisection search technique varies p, 0_ p<=p-hat
or p-hat<=p<-1, until the sum of the terms of the partial

puf is within 0.0001 of the desired level of significance

(alpha*/2, because the interval is two tailed).

c. If the sample contains more than twenty elements

Use the normal approximation to the binomial.

The subroutine Euvar uses numerical integration to find tail

probabilities; from which the empirical level of signifi-

cance is estimated. Ruvar also funishes the z quantile for

computing the confidence interval limits.I 3. Proalq Q racte ris_=-

a. Limitations

faxim um number of data points: 400, if the

program computes the cell count from a data list; unlimited

if the user enters the cell counts directly. Maximum number

of variables: 1.

b. Subroutines/Procedures Used
(1) Lochinvar: BinomeWhichvecHyp

(2) Crunch: Bintest; Muvar, Cibi2l or Nchuzk,

Binpmf, Cibi2O, Bisex
(3) External: Shsort
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VI. 2RNIAIS

A. OVERVIEW

The juantile test addresses the question of what

proportion of the population is less than or equal to a

specified value. An example woull be that a student might

be concerned less with the average grade on a test than the

proportion of students who received at least the minimum

passing grade.
,R" 2. LU.1!] 2f,.,eLasumeat!

Ordinil

3. Auualion

The dita set is a random sa2Ple from the population.

Here, p* is the specified population proportion,

O:p*<=1, and z* is a specified value within the range of the

popu lation.

a. Tw tailed test

(1) lull hypothesis h):

the p*th ;uantile a x*

(2) Alternative hypothesis hl:

the p*th juantile 0 x*

b. One tailed test

(1) lull hypothesis h):

the p*th guantile L x*

(2) Alternative hypothesis hl:

the p*th juantile < z*

c. One tailed test

(1) Null hypothesis h):

the p*th quantile S x*
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(2) Alternative hypothesis hi:
the p*th quantile > x*

B. ACTION REQUIRED BY USER OF PROGRAM

1i em .UserbOn! Ua ogm 0 &io
The user must specify the values for p* and x*, and

the letter of the hypothesis desired.

If there is more than one variable in the designated

data set, the user must specify whi:h is to be used.

2. I ot.a .tion Shen gsa Data Values
a. Initial Choices

see secticn III.C for a detailed explanation of

the following.

In CHS, type LOCHI. If lata is already in a data
file, enter "T" to first question, then enter file name;

w': -.'4 vhen cffered a test, type 2. If lata needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 2. Enter ,,","V",..."Z" for desired output

file.

b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) Enter index of variables to be used in test,

if there is more than one in the data set.

(2) Enter the values of p*, x*, the letter of
the chosen hypothesis, and the hypothesized level of signif-

icance, alpha*.
3. IMt .10to

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while i CHS.

The program CRUNCH displays the data file to which

the data has been sent, e.g., "U LISTING". The names of the

37
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"-" * data set and variables used are at the top of the output

file. Also included are the test statistic (the number of

data elements less than or equal to x*), the level of

significance, and confidence limits for the population's
p*th quantile.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Cl!u _o 2 of Le!ve of Significance and Confidence

a. Compute the Test Statistic

Crunch ccmpare the data elements with x*,

counting the number which are less than or equal to x*. If

there are no ties, Ti = T2 = the count. If some elements

are equal to x*, then Ti the count of data elements less

than x*, and T2 a TI plus the number of ties.

b. Computation of the Level of Significance

If TI = T2, the computation of the level of

significance is exactly the same as the binomial test, with

Ti as the numbe of successes, the total number of data

elements as n, and p* as the p* of the binomial test. If

Ti < T2, then the lower tail probability is calculated using

Ti; the upper tail probability uses T2; and the computation

procedes as with a normal binomial test. See section V for

details about computation of level of significance in the

binomial test.

c. Find the Confidence Limits

The data elements are ranked; the ranked values

are called "order statistics", so that X(1) is the smallest

value, I(k) is the largest values ia a data set of k values.

The confidence limits are found by computing the values r

and s, which are indices of the orlar statistics; once they

are found, X(r) is the lower limit, X(s) is the larger

limit.
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(1) With less than 21 data elements, a binomial

pmf is generated, with parameters k = number of data

elements, and p = p*. R is found by summing terms of the

pmf from the Oth term (P(N=0) until the first term which

causes the sum to be greater than the half of the hypothezed

level of significance (alpha*/2). The index of that term ij
r. S is found by summing terms of the pmf from the kth term

(P(N=k)) until the first term which causes the sum to be

greater than alpha*/2. The index of that term is S.

This procedure is conservative on both bounds, and

therefore may be very conservative overall. For example,

with k = 18, p* = 0.5, and alpha*= 3. 15, Crunch would choose

r of 5 and s of 13; the probability that in the population

an x would fall between 1(5) and 1(13) is 0.904, while the

user would have been satisfied with about 0.85. With the

binomial tables, the user might choose indices 6 and 13, or

5 and 13, which would have only 0.0481 in one tail but

0.1151 in the other, so that the test would have almost

exactly the alpha desired.

(2) With more than 20 data elements (=k), the

hypothesized variance is k(p* (1-p*)) ; its square root is the
sample standard deviation. The expected value is kp*. R is

the expected value plus the quantity standard deviation

times the (alpha*/2) quantile of the standard normal distri-

bution. If r is not an integer, round up. S is the

expected value plus the quantity standard devation times the

(1-alpha*/2) quantile of the standard normal distribution.

Again, round up if necessary to make s an integer.

2. Rrogram Method of Overation
-4

The subroutine celler cal-culates Ti and T2 by

calling the subroutine dicot, which takes the values of the

data set and find the number less than and the number less

than or equal to the specified x*. The subroutine quantile

receives that information, then calls the subroutine bintst
to perform the binomial test described above.
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Quanti then calls subroutines Nchuzc and Bilnpmf to

generate a binomial puf to calculate the confidence limit

indices r and s, if the total number of values is 20 or

less. otherwise, Quanti calls the subroutine Normv for

values of the (alpha*/2) and (1-alpha*/2) guantile of the

normal distribution to use in the calculation of r and s.

The data values are sorted by the subroutine RNQ, and the

X(r) and X(s) values dereferenced as the confidence limits.

a. Limitations

Maximum number of data points: 400O. Only one

variable is used.

b. Subroutines/Procedures Ujsed
(1) Lochinvar: Quantile
(2) Crunch: Quantl, Cellar, Dicot, Bintst; Rnq,

Nchuzk. Binpuf or Noruv

(3) External: Shsort
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VII. MANN WHIrTNEY TE.

A. OVERVIEW

1. GenerJ PLp22.§

With two variables, test whether the populations

from which the variables were drawn have the same mean.

2. Level of alsuremt
Ordinal

3. As sti ns
a. Eazh variable is a random sample.
b. There is mutual independence between samples.

4. g.oth~lss

a. Tvw tailed test

(1) Naull hypothesis hO: E(X)=E(Y)

(2) Alternative hypothesis hi: E(K)*E(Y)

b. One tailed test
(1) Null hypothesis 03: E(X)_E(Y)

(2) Alternative hypothesis hi: E(X)<E(Y)

c. One tailed test

(1) Null hypothesis h): E(X)SE(Y)

(2) Alternative hypothesis hi: E(X)>E(Y)

B. ACTICN REQUIRED Ey USER OF PROGRAM

1. User §i2_jisnos L2u P ILU OP-tion!s

The user must decide which two of the variables to

use in the test if the data set contains more than two. The

user specifies the level of signifizance.

2. Prcii ktivation whpn usia 22ata Values

a. Initial Choices

See secticn III. C for initial choice details.
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* .. fileIn CBS, type LOCHI. If lata is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 4. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 4. Enter "U",'V,,..."Z, for desired output

file.

b. Variable and Parameter --hoice

When prompted by Lochinvar:

(1) Enter indices of variables to be used in

test.

(2) Enter the level of significance.

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

4. Out= "y 11able . the gse

. , The program CRUNCH displays the output file to which

T the data has been sent, e.g., "U LIStING". The names of the

data set and variables used are at the top of the output

file. The empirical level of significance and whether to

reject the null hypothesis are stated.

C. ACTICNS PERFORMED BY THE PROGRAM CRUNCH

.01. .D..c.riti~n of. Cal u tio_ of Test Statistic/Level

a. Sums of the Ranks of the First Variable

Rank the values of the two variables. Sum the

ranks of each. The test statistic T is the sum -f the ranks

of the first variable.
b. Overall Test Statistic

The overall test statistic, if their are many

ties, is Ti. Let n be the number of elements in the first

variable, m the number of elements in the second variable; N
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is the sum of n and m. Sum the squired ranks of both va-

ables to find R2. The numerator of the test statistic is T

minus n(N+1)/2. The denominator is Ithe square root of the

*difference of two terms: R2*nm/N(N-1) , and

(flu (N+ 1) **2) A4 (N -i)
2. Pro I M& g~d2 2pDera4gn

The subroutine Manvht calls the nonimsl subroutine

Utest, to get the level of significance.

3. Progr Chrctilic
-. a. Limitations

MIaximum number of data points: 400. [Maximum

number of variables: 2.

b. Subroutines/Pro.-edures (iced

(1) Lochinvar: ftanwhit

(2) Crunch: Manvht

(3) External: tUtest

4.f.
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VIII. coX-s~uxR. _T_ EOR 1!.91!2

A. OVERVIEW

1!tDal. Re
This is a specialized fors of the sign test, to

determine if the data elements i the second half of a
sam;le are significantly greater or less than 'he corre-
sponding values in the first half. with one variab!.*, the
order of the lata elements determines how the data elements

are paired for comparison.
With two variables, in whic.h the data elements are

paired, the ranks of the indepenlant variable orders the
values of the dependent. This yields a rough test of the

interaction or dependence of the two variables.
2. If

Ordinal

3. AUMMati2u
a. The data elements represent random draws

b. Either there is no treni, or there is an under-
lying trend upward or downward throughout data.

S 4. =oh32_qj

Where ( ) indicates the second data element is
greater than the first in the pair, otherwise (-), so that
P(.) -P(-) indicates no trend, P(+) >P (-) indicates upward
trend (I variable) or vary directly (1st variable to 2d
variable), ani P(+)<P(-) indicates 1ownward trend or vary an

inverse relationship.
a. Two tailed test

(1) Null hypothesis hO: P(+)=P(-)

(2) Alternative hypothesis hi: ?(+) OP(-
b. One tailed test

(1) Null hypothesis hO: P(+)!_P(-)

.. ,4 4

.10



: L-
-  

.' .- ,. .. - -, . .. .Y7.. .. -.- 7. - ,!-

" .(2) Alternative hypothesis hi: P(+)>P(-)
c. One tailed test

(1) Null hypothesis hO: P(+)_P(-)

(2) Alternative hypothesis hl: P(+)<P(-)

B. ACTICN REQUIRED BY USER OF PROGRAM

If one variable is used, make sure data elements are

in the order (often order of time) for the trend to be

tested. If two variables are to be used, data elements must

be paired. The user selects the type of hypothesis and the
level of significance. If there are two variables, the user

specifies which is dependent.

2.. ?;oM jgjai_ when S j iaa a es

a. Initial Choices

.7 See secticn III.C for a detailed explanation of

4the following.

In CHS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when cffered a test, type 3. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 3. Enter "U-,V",,¥..."Z,, for desired output

file.

b. Variable and Parameter c-hoice

When prompted by Lochinvar:
(1) Enter index or indices of variables to be

used in test. Enter pairs to be excluded, if using two

variables.
(2) Enter letter of hypothesis type and levial of

significance.

(2) If there are two variables, enter which is

dependent.
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4. list Il°-utim

To perform the test after the above entry of data

and parameters, type CRUNCH while in CNS.

5. oput " labl the e

The program CRUNCH displays the output file to which

. the data has been sent, e.g., "U LISrING". The names of the

data set and variables used are at the top of the output

file.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

I. eRi= i2n of CA192t1n of_ Level of Significance

a. Form Pairs (X,Y) Significance

(1) If there is one variable, call it Y, and go

to step (2). If two variables, let X be the independent

variable, and Y be dependent. Find the order of the X. Use

that ordering to re-order Y in ascending order of the values
~of I.

of X.(2) Let k be the number of elements in the vari-

"; able Y. If K is even then there will be (k/2) pairs, if odd

then ((k-l)/2) pairs. Let np equal the number of pairs.

b. Find Test Statistic

(1) For i=1 to np, compare Y(i) to Y(np-i+l} . If

Y(i) > Y(np-i 1) then increment the counter for failures. If

Y(i) < Y(np-i+1) then increment the counter for successes.

The test qtatistic is from the biaomial test, with n equal

the number of successes plus failures, p* equal 0.5, and the

number of success equal number of times the second half data

elements are strictly greater than the corresponding first

half elements.

2. po je.9. 2._ 2perat

a. Ordering the Dependent Variable

The subroutine Coxstu dereferences the X values

into the INDEP vector, sorts those values using Shsort, and
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.. uses the indices returned in the vector KEY to derefarence
" the Y values into a vector TLIST.

If there is only one variable, use a do for loop

to load its values, in their current order, into TLIST.

b. Computing the Test Statistic

The subroutine Coxstu calls the subroutine Signt

to perform the sign test. See section IX.3. Progral _Q ate ristil

a. Limitations

Maximum number of data points: 400. maximum

number of variables: 2.

b. Subroutines/Procedures Used(1) Lochinvar: 
Coxstu

(2) Crunch: Coxstu, Signt

(3) External: Shsort

4 7

S-"1



IX. IGN TES

A. OVERVIEW

1. General Zjr,2, .

With pairs of data (XiYi), determine if the

expected value of the first element, E(X) , is greater than

the expected value of the second elazent, E().
2. l,,g ,_1lurla

Ordinal within ea-h pair; that is, it can be deter-

mined that Xi is greater than Yi (+) , or that 1i is greater

than Xi (-) , 3r that they are equal. The values of the pair
do not have to be ordered with any vilues outside the pair.

3. jIuMj2au
a. Raadom Sample

I,! are a random sample of the population pairs.

b. Level of Heasurement

Ordinal within each pair, nominal among pairs.

c. Invariance of Probability that Xi > Yi

The underlying population from whizh the sample

is drawn is assumed to have a constant P(X>Y).

Here, (+) is the case that X>Y, (-) is the case that

Y>X, where Xj. refer to population random variables.

a. Two tailed test
(1) Null hypothesis hO: P(+)=P(-)
(2) Alternative hypothesis hi: P(+)*P(-)

b. One tailed test

(1) Null hypothesis hO: P(+)!_P(-)

(2) Alternative hypothesis hi: ?(+)>P(-)
c. One tailed test

(1) Null hypothesis hO: P(+)!,P(-)

(2) hternative hypothesis hi: P(+)<P(-)
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B. ACTICN REQUIRED BY USER OF PROGRAM
I- 1. 21i D ions about Pr Otions

It is possible that the data is non-numerical, but

ordinal within pairs, e.g., a list of winners of arm-

wrestling contest between two platoons as a measure of arm

strength. If so, then perform tha test as a binomial test,

entering cell counts, with number of successes as the number

of times Xi > Yi, n is the total number of untied pairs, and

p* as 0.5.

With numerical data, the program will make the

comparisons. The user must enter the hypothesis letter and

the hypothesized level of significance.

If there are more than two variables in the desig-

nated data set, the user must choose which are included in

the test.

2. Progi 121ivati2 when _Usaa 2A_ yalues

.. : .a. Initial Choices

See secticn IIT.C for a detailed explanation of

the following.
In CHS, type LOCHI. If lata is already in a data

file, enter "Y" to first question, then enter file- name;

when offered a test, type 5. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 5. EnteL V for desired output

file.

b. Variable and Parameter Zhoice

When prompted by Lochinvar:

(1) Enter indices of variables to be used in
test. Enter blocks or pairs to be excluded, if any.

(2) Enter the letter of the hypothesis type and

the hypothesized level of significance, alpha*.
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Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

4. O]j "v l_ thegE

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The test statistic and the level of significance are

printed, as well as whether to reject the null hypothesis.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. scuiooCa.io _ evel of ignifican ce

a. Calculation of the Test Statistic

For each pair (Ii,Yi), subtract Yi from Xi.

Count the number of times the difference is greater than 0:

; . this is the test statistic. The total number of untied

pairs is the count of times the difference is not zero.

b. Calculaticn of the Level of Significance

The level of significance is calculated by the
binomial test, with the number of successes equal to the

test statistic, the total sample size equal to the number of

untied pairs, and the hypothesized proportion of success p*

equal to 0.5.

See secticn V for details about computation of

levels of significance by the binomial test.

2. ft9AA1I 2K pI
The subroutine Signt compares the values of the

lower indexed variable with the corresponding values of the

other variable. Values within epsiloa (=0.0001 by default)

are considered tied. If not tied, then the program checks

whether Xi>Yi or li<Yi, and increments the appropriate

count, (+) or (-). Signt then. calls the subroutine Bintst

to compute the level of significance.
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-. 3. Rrga -QIactegic
* a. Limitations

maximum number of data points: L430. Miaximum

number of pairs: 200. Required number of variables: 2.

b. Subroutines/Procedures Used

(1) Lochinvar: Signtest

(2) Crunch: Sgnt

(3) External: Shsort
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X. M7NEMAP TEST F3R SIGNIFIZANCE OF CHANGE

C%

A. OVERVIEW

With data in pairs (XiYi), and x and y values each

classifiable as successes or fa'lures, to determire if e
significant change has occurred.

2. Level 2f Measuraeqt

Nominal

3. &ssumja

a. The pairs are 3 random sample.
b. I and Y can be dividel into mutually exclusive

and collectively exhaustive groups: success and failure.

c. Each of the k pairs caa be categorized intc one

of four cells: success/suc-cess (1,11, success/failure (1,0),
failure/success (0,1), and failureffailure (0,0).

a. Null hypothesis

HO: P(0,1)'=P(1,0) for all 4
b. alternative hypothesis

HI: P(0,1)*P(1,0) for all 4i

B. ACTION REQUIRED EY USER OF PROGRAM

If the data is nominal, the user must enter the

counts of each of the four categories.
If the data is ordinal or above, the user may enter

cell counts, or may specify partition values to dichotomize

X and Y. Lo.hinvar will ask for ta9 partition value for 1,
and whether siccesses are less than it. For example, if
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17.5 is the partition value for X, and successes are areater

than it, any X value greater than 17.5 will be a success;

depending on its Y value, the pair will be counted in the

success/success (1,1) cell, or success/failure (1,0) cell.

After asking for the X partition value, Lochinvar will ask

for the Y partition value and whether successes lie above or

below.

If there are more than two variables in the desig-
nated data set, Lochinvar will ask which two are to be used

for the test.

2. Pj_1o ! j ivation when U sli Cell Counts

a. Initiation and test selection

In CBS, type LOCHI. Enter "N" for no to question

about previously entered data. Enter "C" for cell counts.

Enter tIU"I,"V"I,..."Z" for desired output file. When offered a

choice of tests, enter 6.

b. Cell count entry

Lochinvar will ask the cell counts for each of

the four categories: success/suzaess, success/failure,

failure/success, and failure/failure.

Enter the hypothesized level of significance.

3. 2_g.ro. Activa1ion when Using Data Values

a. Initial Choices

See section III.C for a detailed explanation of

the follcwing.

In CBS, type LOCHI. If data is already in a data
file, enter "Y" to first question, then enter file name;

when offered a test, type 6. If data needs to be entered,

enter "N" for first question, "V"' for second; when data

entered, choose to do a test; when offered a choice of

tests, type 6. Enter "U","V",...'oZ" for desired output

file.
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b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) Enter indices of the two variables to be

used in test. Enter blocks or pairs to be excluded, if any.

(2) Enter the partition value for the lower

indexed variable and whether successes are less than that

value. Enter the partition value for the variable with the

higher index; indicate whether suczesses are less than that

value.

(3) Enter the hypothesized level of significance.
4. Tgn 1_ecuton

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

5. outA L1lable to k_ user

The program CRUNCH displays the output file to which

the data has been sent, e.g., 1U LISTING". The names of the

data set and variables used are at the top of the output

file.

If there are 20 or less pairs in the data set which
are classified as (1,0) or (0, 1), then the test statistic is
T2=number of pairs classified as (1,0); that test statistic

and level of siginificance will be listed. Otherwise, the

test statistic T1, explained below, and the level of signif-

icance will be given.

In either case, the program will compare the empir-

ical level of significance with the hypothesised, and state

whether the null hypothesis is rejected.S.°

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Le~cri _in !Cal~ulatioa of Level of inicance

a. Computation of Cell Counts

If cell counts were provided by the user, go to

step b or c. If data values were used, Crunch examines each
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pair (Xi,Yi) to see the relation aach data element has to

its corresponding partition value. Crunch decides which

cell the pair belongs to, (1,1),...(0,3), and increments the

count for that cell.

b. If Count for Cells (1,0) and (0,1) less than 21

The test statistic is T2, "hich equals the count

of cell (1,0). The binomial test is invoked to find the

level of significance. T2 is the number of successes; the

total count of cells (1,0) and (0,1) as n, the total sample

size; the hypothesized proportion of success, p* is 0.5.

See section V for details of computation.

c. If Count for Cells (1,0) and (0,I) exceeds 20

The test statistic is T1, equal to the squared

difference between the cell counts (1,0) and (0,1), divided

by their sum. This test statistic is compared to the chi-

square distribution with one degree of freedom to find the

" -level of significance.

2. Roga 91hod of gperation

a. Cell Count Calculation

The subroutine Celler compares each of the lower

indexed values to the first partition value, then each of

the other variable's values to the second partition value.

At each comparison, a '1" is assigned to an integer vector

if the value is a success, otherwise a "0" is assigned. The

* resulting integer vector, with the same number of elements

as the original data set, is then used to find cell counts.

With k pairs, the first through the kth elements of the

integer vector are multiplied by two, then added to the

corresponding k+lst through 2kth elements. The resulting k

element vector has values 0,1,2,3, corresponding to the four

cells. The vector is then used to compute cell counts.

b. Calculaticn of the Test Statistic

Crunch figures if the cell counts of (1,0) and

Ze (0,1) total more than 20. If so, T1 is computed, otherwise

T2 is used.
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. . c. Calculation of the Level of Significance

*If Ti is used, the subroutine mcnemar perfozms

linear interpolation of tabled values of the chi-square

distribution with one degree of freedom. If T2 is used, the

binomial distribution subroutine Bintst is used to calculate

the level of significance.

3. gr2M~i Qracter Jticj
a. Limitations

Maximum number of data points: 400. Maximum

number of pairs: 200 if program computes cell counts; no

limit if the user enters cell counts.

b. Subroutines/Procedures Used

(1) Lochinvar: Cel_test, McNemar

(2) Crunch: McNemr, Cellar, McCount

(3) External: Shsort

.4,
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XI. THIMM SMT 29;IENDC (R!2 2ONTENGENCY)

A. OVERVIEW

Used with a data set 3mmposed of paired data

elements, to test whether the classification or value of the

first element of the pair is statistically independent of

the classification or value of the second.

2. Level 21 jqesureue.qt
Nominal

3. Asup:ja
a. The pairs is randomly drawn from the population.

b. The first element of ea--h pair can be placed in

exactly one of r categories (rows), and the second element

* ... of each pair can be placed in exa:tly one of c categories

-(columns).

4. Hypo22his
a. Null hypothesis

HO: P(pair is in row i and col 1) equals P(first
element in row i) times P(second element in row j)

b. Alternative hypothesis

Hi: P(pair is in row i and col J) loes not equal

P(first element in row i) times P(s,3:ond element in row J)

B. ACTION RE2UIRED BY USER OF PROGRAM

1. U-22 21211122s a to ; t o_22ions
a. Entry of cell :ounts

If the data is nominal, the user must decide the

categories of the rows and columns, and enzer the observel

cell counts, Oij, for each cell. The us.r may use this

__technique for data of a higher level of measur:.ment.
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* . b. Entry of fixed row and column totals

If the data is ordinal or above, and the categor-

ization of the data points is by their order (e.g., not by

whether their last digit is odd), the user may enter Ri's

and Cj's. The sums of the Ri's and Cj's must exactly equal

the number of pairs in the data set.

c. Entry of row and column partition values

If the data is ordinal or above, and the categor-

. ization is based on order, the user can specify (r-1) values

to divide the data elements into r rows, and (c-I) values to

divide the data elements into c columns. For example, a

data pair would fall into cell (1,2) if the first element of

the pair were less than or equal to the first row partition

value, and the second element of the pair were greater than

the first column partiton value but less than or equal to

the second.

2. R "11121122 iv In whjn 211 Qcel counts (choice a)
a. Initiation and test selection

In CHS, type LOCHI. Enter "N" for no to question

about previously entered data. Enter "C" for cell counts.

Enter "Uo,"V",..."Z" for desired output file. When offered a

choice of tests, enter 7.

b. Cell count entry

Lochinvar will ask the number of rows and

columns. It will then prompt entry of the observed cell

count for each cell.

3. 2ralI Agt~ivatigyn M§I_ 21t 1~ (222 o 2r 2)

a. Initial Chcices

See secticn III.C for a detailed explanation of

the following.

In CKS, type LOCHI. If lata is already in a data

file, enter "Y" to first question, then enter file name;

when cffered a test, type 7. If lata needs to be entered,

._ enter "N" for first question, "V" for second; enter the
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data; when offered a choice of tests, type 7. Enter
"U" "V" ol "Z" for desired output file.

b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) Enter indices of the two variables to be

used in test. Enter the number of rows and the number of

columns. Enter whether using fixed row and column totals or

partition values.

(2) If by fixed totals, enter the row totals

when prompted, then the column totals.

(3) If by partition value, enter the row parti-

tion values when prompted, then the column partition values.

4. Test Jje CU_

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.
5. Ou pu ka,% ab e jo the 212r

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISrING". The data set and
variable names are at the top of the output file. The test

statistic T, the degrees of freadom, and the matrix of

observed cell counts are listed.

C. ACTICNS PERFORMED BY THE PROGR&S CRUNCH

1. 9 Q otatio_ of rest Statistic

The program Crunch will:

a. Find the observed cell count

Specify the r rows and a columns, thus creating

r*c mutually exclusive cells. Count the number of pairs

which fall into the categorization of each cell: that number

is the observed cell count, Oij, of cell iJ.
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b. Find the expected cell count

All the cell counts in row i are summed to find
the row total Ri. All the cell counts in column j are

summed to find the cclumn total Ci. The expected cell count

Eij is found by multiplying Ri times Cj and dividing by the
total number of pairs, N.

c. Find the test statistic T
For each cell, subtract OiJ from Eij. Square

each difference. Divide each squared difference by the

corresponding EiJ. Sum those quotients to find the test

statistic T, which can be compared to a chi-square distribu-
tion with (r-1)*(c-1) degrees of freedom. The quantile of

the chi-square distribution corresponding to T indicates the

empirical confidence coefficient, or the complement of the
empirical level of significance.

a. Computation of the cell counts
If the user supplied the cell counts, go to step

b. If the user gave fixed row and column totals, rank all

the first elements to find the row partition values, and

rank all the second elements to find the column parti.ion
values. Ccmpare the first element of each pair to the row

partitions: assign to each pair the index of the largest
partition value which the first elament is less than; if the
first element is larger than the largest partition value, it

is assigned the integer r. Do the same with the second
elements and the column partition values. Each pair now has

two integers assigned, which designate membership in a row

and in a column. Count the number of pairs falling in each
cell: this is the observed cell count Oij.

b. Compute the test statistic T

Find the row and column totals by summing Oij's.

Compute the expected cell counts Eij by Ri*CJ/N. Square the

difference (Oij-Eij), divide by Eij, sum over all cells.
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3. Progr am hact ris _s

*.-" a. Limitations

Maximum number of data points: 400, if the

program computes the cell counts; unlimited if the user

supplies cell counts. maximum number of variabIes/
treatments: 2. Maximum total Clls (r*c): 50.

b. Subroutines/Procedures Used

(1) Lochinvar: Cel_test,Rc cont; or Whichtest,

Rc-cont,Setcell ,Vhichv ec, Exclud-b

(2 Crunch: Celler,Partv,]Tc3 or TcLRcctr,Rcont

(3) External: Shsort

4.6

-o

'q

e44
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XII. C-1-sARE oo jODNSj Q FIT T!sr

A. 0 VER VIE W

1. Ge er1 1..s

With a sample of 15 or more data elements, test if

that sample could be drawn from a specified distribution.

Interval

3. Ahs. .um i2as
The variable contains a random sample.

4. i _,,i

Where F*(x) is hypothesisel distribution function,

and F(x) is the distribution of the population.

a. Nll hypothesis

HO: F (x) =F*(x) for all I

b. Alternative hypothesis

Hi: F(x)*F*(x) for at least one x

B. ACTICN REQUIRED BY USER OF PROGRAM

.1 1. gnx~ U1isii2s. Lizl .2oui 22-tions
The user must decide among five distributions for

vhicb to test. Parameters may be specified by the user, or

ay be estimated by the program (using method of moments).

2. =~2=la k911vatjon Yhft. 91,41 2= V1ale

a. Initial Choices

See section III.C for initial choice details.

In CHS, type L3OHI. If data is already in a data

file, enter 'Y" to first question, then enter file name;

when offered a test, type 8. If data needs to be ent.red,

enter "N" for first questi3n, "V" for second; enter data,
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and when offered a choice of tests, type 8. Enter
"U","V",..."Z" for desired output file.

b. Variable and Parameter :hoice
*. When prompted by Lochinvar:

(1) Enter indices of variables to be used in

test. Enter blocks or pairs to be excluded, if any.
(2) Enter theoretical distribution . Choose

among: uniforz, normal, exponential, erlang and viebull.

(3) Enter the parameters of the theoretical
distribution, or request that the program estimate the

parameters. In the normal and exponential the method of
moments can be invoked to allow tha program to estimate the
maximum likelihood estimates of the parameters. In the case

of the erlang, the user must specify the integer shape

parameter n, but can allow the program to estimate the scale

parameter lambda. In the case of the uniform and the

weibull, the user must specify the parameters

*3. llgj~ ~jcji.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CHS.

'S -'4. i u llabl la seRa
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The test statistic T and the degrees of freedom will

be displayed. Finally, the matrix of cell counts, expected
and observed, will be given.

C. ACTIONS PERFORMED BY THE PROGRAH CRUNCH

I-- Recip..; !2 cjala _tg.o al. 1est I.tstili

a. Calculation of the Expected Cell Counts
-N Lot k equal the number of data elements. If

15Sk<-50, divide k by 5 and round to the nearest integer.
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This will be C, the number of cells; e.g., k=17 implies C=3,

k=18 implies ::=4. In all cells except perhaps the first and

last the expected cell count will be 5. If C*5=k, then the

expected cell counts for all cells is 5. If C*5=k+1, hs

expected cell count of the first call is 4; if C*5=k+2, the

expected cell count of the first and last cells is 4. If

C*S=k-1, the expected cell count of the first cell is 6; if

C*5=k-2, the expected cell count of the first and last cells

is 6. For example, if k=17, C=3; since 3*5=17-2, the first

and last cells have expected counts of 6, i.e., the expected

cell counts are 6,5,6.

If k>50, there will be 10 calls. Divide k by 10

and truncate; that will be the minimum expected cell count

E. The remainder of the truncation is rem=k-10*E; add 1 to

the cell count of the last rem cells.

The expected cell counts are stored in the

- vector Ej. This is the building block of the F=P(X<_x)

values of the theoretical distribution. Scan the EJ vector

to find the CUM vector, i.e., CUM(1) =EJ(1),

I. CUM (2) =EJ (1) +EJ (2), ... , CUM(J)=sum of EJ(i), i=1,..,j.

Divide each element of the CUM vector by the number of

elements, k, to form the CUMP vector.

b. The Partition Values

The usual form of theoretical distributions takes

a value x and returns a value F, such that F = P (X-x) . In

this case, the inverse form of the theoretical distributions

is used to take an F, contained in the CUMP vector, and

return an x. The first (C-i) values returned form the

partition values which will divide those data elements into

cells.
c. The Observed Cell Count

The data elements are compared to the partition

values contained in the vector PARry. An element falls in

the ith cell if it is larger than PARrV(i-1) but less than
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or equal to PARTV(i). Elements less than PARTV(1) ars in

the first call; elements larger thin PARTV(C-) ari in the

last cell. The observed cell counts are contained in -he

vector RCCT.

d. The Test Statistic

For each cell, subtract EJ(i) from RCCT(i) ,

square that difference, and divide that square by EJ(i).

Sum over all cells. This is the test statistic T, with

degrees of freedom (C-i)

2. gr2qral _fthcd of 0 _ration

The subroutine Gdfit calls the subroutine Muvar to

find the sample mean and variance if parameters must be

estimated. The subroutine Cpvgen figure the EJ, CUM, and

CURP vectors. The vector PARTV is figured in one of five

subroutines, depending on the theoretical distribution spec-

ified: unid, normd, expd, erld, weid. The observed cell

counts RCCT are found in Celcnt. The test statistic T is

computed in the subroutine Gdfit.
"- 3. Progalm QCacteristics

a. Limitations

Maximum number of dati points: 400. Maximum

number of variable: 1.

b. Subroutines/Procedures Used

(1) Lochinvar: Gdfitn, Gd-fit-e, Gdfitu,

Gdfit_er, Gdfit_w, Gdfit

(2) Crunch: Gdfit, Cpvgan, Nuvar, Celcnt, Unid,

"ormd, Expd, Erld, Weid

(3) External: Shsort

'6
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-- zXIII. flCOXON SIGNE_ RANK TEST

A. 0 VER VIE W

1. Gen -ral P2ose

With two paired variables (X,Y), the signed rank

test determines whether the expect-ad values of populations X
and Y could be the same.

This requires interval dati. If the data is only

ordinal, use he sign test.

Interval
3. AAqss__lon s

The pairs (XiYi) are random samples from the popu-

lation of all pairs.

* 4. HRcth.qs

a. Two tailed test

(1) Null hypothesis hO: E(X)=E(Y)

(2) alternative hypothesis hi: E(X)#E(Y)
b. On. tailed test

(1) Null hypothesis h):E(X)<_E(Y)

(2) Alternative hypothesis hi: E(X)>E(Y)

c. One tailed test

(1) Null hypothesis h3: E(X)-_E(Y)

(2) Alternative hypothesis hi: E(X)<E(Y)

B. ACTICN REQUIRED EY USER OF PROGRAM

To make the test aore flexibl, a constant t-.rm can

be added to the higher indexed variable, so that the test

becomes a question of the relationship of E(X) and E(Y).b.
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By default, the value of b is 0; but the user can specify

any real number.

Lochinvar also asks for the hypothesis type and

level of significance.

2. .jFoqr ctiv.ton when Usi. Data Values

a. Initial Chcices

See secticn III.C for a detailed explanation of

the following.

In CMS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when cffered a test, type 9. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 9. Enter "U","V",..."Z" for desired output

file.

b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) Enter indices of variables to be used in

test. Enter blocks or pairs to be excluded, if any.

(2) Enter whether a constant term is to be added

to the value of the higher indexed variable, Y. By default,

the constant is 0.
(3) Enter the letter of the type of hypothesis

and the hypothesised level of significance.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

5. _gout _Axalable a the User,
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISrING". The names of the

data set and variables ubed are at the top of the output

file.

Crunch will provide the sum of negative ranks and

sum of positive ranks, as well as the test statistic T in
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all cases. If there are fewer than 23 pairs, table look up

" is required; otherwise, the program will compute the empir-

ical level of significance.

When the number of untied pairs is less than 20, the

output will also contain the vector Dif, the differences

Yi-Xi, in ranked order.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Desi n of Calculation of Test StatisticZLevel

of Sinfiac

a. Sums of the Negative and of the Positive Ranks

Two sums are calculated, one for the negative

differences-- those pairs in which Xi>Yi--and one for the

positive differences. Pairs in which Xi=Yi are not consid-

ered. Subtract Xi from Yi, to form the vector Dif. Take

the absolute value of Dif to form Adif. Rank the values of
Adif tc form the vector Rank. If Yi<Xi, the ith value of

Rank is added to the sum of negative ranks, then that ith

value 4.s multiplied by negative 1. If Yj>j, the jth value

of Rank is added to the sum of positive ranks.

b. Computation of Test Statistic

The vector Rank was originally the ranks of the

absolute differences; now, the ranks for the negative

differences have been multiplied by -1. Sum the vector Rank

to find the numerator of the test statistic. Sum the

squares of the elements of Rank to find the denominator of

the test statistic. Divide numerator by denominator.

c. Level of Significance

If the number of untied pairs is 20 or less, use

table 1-13 'ref 1], using the sum of positive ranks.

Otherwise, Crunch computes an approximation, using the test

statistic T and the standard normal distribution.
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2. Pogra Metod of _2eration

The subroutine Wilcox finds the Dif and Adif

vectors, and calls the subroutine Ranque (which in turn

calls Rnq) to find the vector Rank. Wilcox computes the

sums of the positive and negative ranks, as well as the test

statistic T. If the number of untied pairs is 20 or less,

it will display the sums of ranks. Otherwise, it will call

the subroutine Normv to find the approximate empirical level

of significance, and display whether to reject the null

hypothesis.

a. Limitations

Maximum number of data points: 400. maximum

number of variables: 2; maximum number of pairs: 200.

b. Subroutines/Procedures Used

(1) Lochinvar: Wilcoxon

..,'.. (2) Crunch: WilcoxRanque,Rnq,Normv

(3) External: Shsort

6-.9
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XIV. NONP&RAMETRIC Z3RRELATION

A. OVERVIEW

1. Gge_ _l 2u22ose
with n pairs of data elemeats, I and Y, test whetber

the value of X is statistically independent of the value of

Y, or if it varies directly or inversely with T.

Three different test statistics are available by

running this one program: Pearson's rho, Spearman's rho, and

Kendall's tau.
2. _eeof esrZA

Interval for the Pearson's rho to have meaning.

Ordinal for Spearman's rho and Kendall's tau.

X,Y are a random sample of population pairs.

-. HyOthesis
Where rho is a measure of :3rr.lation,-1_rho<=1

a. Null hypothesis

HO: rho(X,Y) = 0, a necessary condition for

statistical independence

b. Alternative hypothesis

HI: rho (X,Y) # 0

B. ACTICN REQUIRED BY USER OF PROGRAM

1. User cgiS12DI s Liu ar__ O tions

The user chooses which pair Df variables from a data

set are used in a test, and whether to exclude anv of the

pairs from the test. As Isscribed below, the -omputation of

Kendall's tau uses an algorithm of complexity level

n-squared (when comparing every pair with every other pair);
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if there are more than 40 pairs Lochinvar offers the user

the chance to skip the Kendall's tau test. If so, only

Spearman's rho and Pearson's rho (which may have no meaning

if the data is ordinal) will be computed. Otherwise, all

three will be produced.

2. ;.oara Act ion whe 1sin 2ata Values

a. Initial Choices

See section III.C for a detailed explanation of

the following.

In CHS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 10. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 10. Enter "U","V",..."Z" for desired output

file.

* .b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) If there are more than two variables in the

data set, enter the indices of the two to be used. Enter

pairs to be excluded, if any.

(2) If there are more than forty pairs, enter

whether the Kendall's tau should be computed.

4. Test Jzecuticn

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

5- 9_ou klable ' the Use2

Tte program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. Spearman's rhc, Pearson's rho, and Kendall's tau are

• " listed.
,%
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C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Descrip __ of Calculation of Test Statis-tics

a. Pearson' s Rho
Pearson, s rho is SXY divided by square root of

SXX times SYY. The deviations of X are found by subtracting

the mean of X from each value of X; deviations of Y are Yi

minus mean of Y. The product of deviation of Xi times devi-

ation of i, summed over all pairs, is SXY. The sum of
squared deviations of Xi is SXX; the sum of squared devia-

tions of Ti is STY.

b. Spearman's Rho

Rank the values of X. Rank the values of Y.

Those pairs of ranks (R(Xi),R(Yi)), are then used to compute

SIT divided by square root of SXX times SYY. That is,

Spearman's rho is Pearson's rho performed on the ranks of

the values rather than the values themselves.

c. Keadall's Tau

Tau is roughly the measure of the number of

concordant pairs minus disc oncordant pairs divided by total

number of possible pairing. Concordance implies positive

correlation; e.g., if pair of the data set number 4 (X4,Y4)

has an X value greater than, say, X5, and a Y value greater

than T5, then this is one small indication that there is

positive correlation between X and Y. Therefore, the 4th

and 5th pairs of the data set form to make one concordant

pair. If X6 is greater than X4, but T6 is less than X4,

this is a little evidence of negative correlation; the 4th

and 6th pairs of the set form to make one disconcordant

pair. Ties in either X or T mean that the comparison yields

neither concordance nor disconcordance.

To compute tau, order the pairs (Xi,Yi) in

ascending order of X's. Compare the first pair (the one with

the lowest X value) to every other pair. If Xl is tied with
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Xi or Y1 with Yi, go to the next pair; if not, (Y1 < Yi)
implies concordance, (Y1 > Yi) implies disconcordance;

increment the relevant count. After the firs: pair is

compared with all others, the second pair is compared with

all succeeding pairs (3,4,,...,k), incrementing counts as

necessary. Each pair is compared to all succeeding pairs,
until Xk-1 is compared to Xk. Kendall's tiu equals the

number of concordant pairs minus the number of disconcordant

pairs, all divided by the total possible number of pairings
(k(k-1)/2). If all pairings are concordant, tau will equal

1; all disconcordant pairings will yield an -1.

2. a filbod 21 Qeration
a. Pearson's and Spearman's Rhos

The subroutine Rhoer calculates SXY, SXX, SYY for

any input values, and returns--inter alia--rho. For

Pearson's rho use the values of the data set. For

Spearman's rho, use subroutine Rnq to rank the values of the

data set, and send those ranks to Rhoer.

t. Kendall's Tau
Since the values have already been ranked, use

the indices of ranked X to order the pairs (R(Xi) ,R(Yi))

Ranks work the same as values for finding concordance or

disconcordance, but ties are easier to discern with ranks.
With nested do for loops, compare the ith pair (i = 1 to

k-1) with pairs j = i+1 to k; R(Xi) = R(Xj) or R(Yi) = R(YJ)

means to continue with looping. Otherwise, if R(Yi) < R(YJ)

then increment concordant counter, if R(Yi) > R(Yj) then

increment disconcordant counter. At the end of the nested

loops, divide the difference of ta-3 concordant counter minus

the disconcordant counter by the term (k(k-l)/2).

3. jam Cha ~tristics

a. Limitations

Maximum number of data points: 400. Maximum

number of pairs: 200.

IN b. Subroutines/Procedures Used
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()Lochinvar: Correl8

()Crunch: Corr el, Efnl, Ether

(3) External: Shsort
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XV. NCNPARj_.MTRjC REGRESSION

A. OVERVIEW

Regression tests the effect of the value of indepen-

dent variable X has on the value of the independent variable

Y. The linear regression model assuzes that the effect of X

on Y is linear, that is, E(YIX)=E() bl (X-E(X)). This test:

(1) Finds estimates of bl.

(2) Predicts values of Y given values of X

(3) Test if the linear model is correct

(4) Finds confidence limits Eor the value of bl

2. e . jl 91 qjgs~rej

Ordinal, to test the linear model

Interval, for the other purposes listed above

3. Issu.p.iMs

a. Rando2 sampling of pairs. X may be specified, as
long as the Y portion of the pair, given X, is independent.

b. The linear modal is the =orrect model.

Where bl is slope the parameter; bl* hypothesized.

a. Null hypothesis

HO: bl=bl*

b. Alternative hypothesis

Hi: blab1*

B. ACTION REQUIRED EY USER OF PROGRAM

a. The use: chooses the :i-o viriablis to be usel,

and designates which one is dependent. The program will
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automatically fit the least squares model, finding bi. The

intercept parameter bO, E(Y I X) =bO+bl*X, is also computed.

b. The user can Input values for X to predict values

of Y based on the least squares parameters.

c. The user can specify a hypothssised bl* to test

whether a linear model is appropriate. The default value is

bl* = 0; this is the classical test of whether an indepen-

dent variable predicts a dependent variable.

d. The user can request confidence intervals on the

slope parameter bi. As described below, the algorithm to

9 compute. those intervals is of degree of complexity n

squared, t hat i s, f cr n pairs (x,yp n n(n-1W/2 comparisons

must be made and stored to find the confidence intervals.

For larger values of n, the user should consider not

requesting this opticn.
If the user does choose to have the confidence

intervals computed, the value W will be requested by

Lochinvar. rhat value is explained by Conover (Ref. 1: p.

267], and contained in table A-12 of that reference.

a. Initial Choices

See secticn III.C for a detailed explanat i on of

the following.

In CHS, type LCJCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;
when offered a test, type 11. If data needs to be entered,

enter 'IN" for first question, 'IV". for second; when data

entered, choose to do a test; when offered a choice of

tests, type 11. Enter "U" OP ... 4Z"I for desired output

file.

b. variable and Parameter Choice

when prompted by Lochinvar:
(1) Enter indices of variables to be used in

test. Enter pairs to be excluded, ialany.
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(2) Enter values of X to compute E(YjX) based on

least squares linear fit.
(3) Enter hypothesized slope parameter bl*.

(4) Enter whether confidence limits are desired.

3. XltFjqt..

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

4. 22t=P Aixijiable to. th User
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The least squares fit parameters will be listed, and

the Spearman's rho statistic for the specified value of bl.
If the user requested expected values of Y for some values
of X, the values of I and Y will be listed. Finally, if

confidence bounds were requested, tdose will be given.

C. ACTIONS PERFORMED BT 'THE PROGRAM CRUNCH

1. Descri 2A 21 _alculation of Test Statisti.c/Level

2fL nificanc_
a. Find the Regression Parameters bl,bO

This step is identical to parametric simple

regression. Find the means of I and Y, and the vectors of

deviations (Xi-mean of X) , (Yi-mean of Y). Multiply the

corresponding deviations of X and Y together, and sum the

products to form SIT. Square the deviations of X, then sum

those squares, to form SXX. Sum the squared deviations of Y

to find STY. The slope parameter bl is SXY/SXX. The inter-

cept parameter bO is the mean of ! minus bl times the mean

of X. The expected value of r given X is bO plus bl times

1. Residuals are the difference between the expected and

actual value of Y.
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b. Test the Value of X as a Predictor of Y

In parametric regression, it is standard to test

whether the slope parameter bl could be 0 in the entire

population. In this package, any value bl* can be set as

the null hypothesis. The test checks to see if the resi-

duals of the fit using bl* are correlated with the values of

X; if not, then the fit is considered adequate. The resi-

duals are (Yi-bl*Xi), the vector of residuals and the inde-

pendent variable X are compaired using the Spearman's rho

test. See section XIV for details of that test.

c. Predictions of Y based on Least Squares Fit
With the least squares parameters bO and bl

already computed, Crunch multiplies each given X times bl,

adds bO, and displays the predicted Y.

d. Confidence Bounds for the Slope Parameter bl

Form the vector of slopes S. S(1) is (X(1)-X(2))

divided by (Y(1)-Y(2)); S(2) is (X(1) -X (3) )/(Y(1) -Y(3)), and

so on. With k pairs (X,Y) , there are N=k(k-1)/2 elements of

the slope vector, when comparing each i with each other j
once.

Sort the vector S. The indices of the confidence

limits are r (0.5*(N-W)) and s (0.5*(N+W) ), where N is the

total number of slopes and W is the user entered value from

table A-12 of Conover. If necessary, round r or s up to

integers. The lower limit on bl is S (r) , the upper limit is

S(s).

2. Mgl fttMk..h Od 2f, _peratio
The subroutine Regret calls the subroutine Rhoer to

find the least squares parameters bl and bO. Regret figures

the residuals for the specified bl*, and sends the residuals

to subroutine Correl to have Spearman's rho calculated.

Regret figures the vector of slopes S; that vector is sorted
by Shsort; Regret finds indices s and r and the confidence

limits to bl.
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3. ProOA Q2Lactri~s.is

a. Limitations

maximum number of data points: 400. Maximum

number of variables: 2.

b. Subroutines/Procedures Used

(1) Lochinvar: Regret

(2) Crunch: Regret, Rhoer, Correl

(3) External: Shsort
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XVI. MONOTONIC RE3RESSIO

A~. OVERVIEW

With independent variable X, and dependent variable

Y, find the E(YIX) equatio)n, based :)a a least squares fit of

the ranks of X and Y. Linear interpolation finds valuss fromu

X to E (rank of X) t o E (ran k o f Y) to E (Y).

-2. Level 2f fteasureme -92-

Interval

3. Asuoja

a. The sample is a random saaple

b. The regression of Y on X is monotonic.

L14pt.qi

V This test does not produce a test statistic; the

assumprtion is that the monotonic molal is correct. Instead,

it will predict qxpected values of r for given values of X,

Also, it can produce a trace of tthe monotone regression,

which'is anabgous to the straight line of the least squares

fit of linear regression.

B. ACTICN REQUIRED BY USER OF PROGRAM

1 * UserK 22SUcIsjn 210. =2111 g2aL-21!

The user must spacify the index for 4-he independenlt

value 1, and dependent variable Y. The user can include

values of X to have predizted a zorrasponding value of Y.

* The user can request a trace of the monotone rearession.

a. Initial Chcices

See section III.C for initial choice details.
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In CMS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 12. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 12. Enter "U",,,,V,',...",Z,, for desired output

file.

b. Variable and Parameter Choice
When prompted by Lochinvar:

(1) Enter indices of variables X and Y. Enter

pairs to be excluded, if any.

(2) Enter whether to predict values of Y for

specified values of X. If yes, enter values of X.

(3) Enter whether a trace is desired.

3. Test Execto A

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

'4 .M11able _ the ser

The program CRUNCH displays the output file to which
the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. In all cases, there will be listed the parameters bO
and bl, the intercept and slope of the least squares fit on

the ranks of X and Y. If the user specified X's to predict

Yes, the predicted values will be listed. Finally, if a

trace was requested, the pairs of X's and Y's will be given.

C. ACTIONS PERFORMED BY THE PRCGRAM CRUNCH

1. Descrition of Calculations

a. Least Squares Fit on Ranks 3f X and Y

Sort and rank X and Y. With n pairs, X(i) and

Y(J) are the order statistics, RX(i) and RY(J) are the
_ranks, i1,...,n, h=1,...,n. Compute the least squares fit
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to find bO and bl, such that E(RYIRX)=bO+b1*RX. See secion

XV for details of least square computations.

b. Predicaticn of Y Based on Values of X

Linear regression will extrapolate values of Y

for a given value of X if that X is outside the range of the

cbserved values X(1), ... , X(n). Monotone regression will

not extrapolate; if the user specifies an I outside the

range of the observations, that X will not yield an expected

Y.

Let Xp be one of the values the user specified to

predict a Y, Yp. Find the pair of values of the order

statistics of X which bracket Xp, X (i) <Xp<=X (i+1) . The

expected rank of Xp, RXp, must fall between those order

statistics' ranks, RX(i) <RXp<=RX(i+i) . Use linear interpo-

lation to find RXp: RXp= RX(i) (X-X(i))/(X(i+1)-X(i))
*(RX (i+1)-RX(i))

Use the parameters bO and bl -to find RYp, the

rank of Yp: RYp=bO+bl*RXp.

Find the ranks of Y which bracket RYp,

RY(j)<RYp<=RY(j+1). The value of Yp lies between Y(j) and

Y(J+1). Use linear interpolation to find Yp: Yp= Y(j) +

(RYp-RY (j)) /(RY (j+ 1) -RY (j)) *(Y(j+I)-Y(j)).

c. Trace of Monotone Regression

The trace is a set of lines, between a sequence

of points (Xi,Yi), which describe the monotone regression.
When plotted, the trace can be used to predict a value of Y

for an X. This is similar to using the straight line of

linear regression, Y=bO + bl*X, for prediction.

To find the endpoints of the trace, use X(1) and

X(n), and the procedure of part b, to find E(YjX(1)) and

E (YI X (n)

Intermediate points of the trace will use the

values of Y to predict expected X. Each value of Y has a

:ink, RY, which is used with bO and b l to find RXt (trace),
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RXt= (RY-bO)/bl. For each RXt, finad the pair of RX's wih.ch

bracket it. Use linear interpolation to find Xt.
2. Progra Method o.f 2-peration

The subroutine Monore Calls Rnq to rank and s or t

*values. The subroutine Correl finds the least squares

parameters bO and bi from the rank vectors aX and RY. The

subroutine ESrY performs estimations of Y for given X's,

calling Rtov (which calls Interp) t-i do the linear interpo-

lations. The subroutine Trace performs the trace, calling

Vtor, Rtov and Interp.

3. Pro.2fl! characteistic

a. Limitations

Maximum number of data points: 400. Maximum

number of variables: 2.

b. Subroutines/Procedures Used

(1) Lochinvar: tionoreg

(2) Crunch: Monore, Rtov, Vtor, Esty, Interp, Rnq

(3) External: Shsort
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XXVII. MEDIAN !EST

A. OVERVIEW
1. ,.

With two or more samples, this test will determine

if all the populations from which the samples were drawn

could have the same median.

As described below, the pazkage allows combining of

data set variables into c-mposite variables in order to test

population groups for common median.

The median may be a surrogate for expected value.

2. Level 2f easur_,=-i

,* Ordinal

3. .ss ui .

The variable were randomly trawn from the respectiv"

populations, and are mutually independent.

With k populations, X(1),X(2) ,...,X(k), and the

median denoted as M,

a. Null hypothesis

HO: M(Xl)=M(X2)=...=M(Xk)

b. Alternative hypothesis

Hi: M(Xi) OM(XJ) for at l.ast one of the pairs

B. ACTICN REQUIRED BY USER OF PROGRAM

The user chooses which variibles of the data set to

in;lude in the test.

Aggregate variables may be formed by having Crunch

combine the etpected cell counts Df several variables into

84
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one or more aggregate variables. For example, let da-a set

Farmland contain six variable, in order, A through F.

Variable A is corn yield per acre of farm land treated with

fertilizer and pesticide. B is corn yield with fertilizer

but no pesticide. C is corn yield with pesticide but no

fertilizer. D is corn yield per acre from land untreated by

either fertilizer or pesticide. Variables E and F have

other values. Variables A and C could be combined into

aggregate variable 1, and B and D into 2, to tes- whether

the median yield with pesticide is -gual to the median yield

without pesticide. Similarly, A and B, and C and D, could

be combined into aggregate variables 1 and 2, to test the

median of yields with and without fertilizer.

Proper planning and labeling of the variables will

facility this aggregation.

2. Program Activation when Usinq Data Values

a. Initial Choices

See secticn III.C for a detailed explanation of

the following.

In CMS, type LOCHI. If lata is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 13. If data needs to be Pn-ered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when of fered a choics of

t-sts, type 13. Enter ","V,..."Z" fr esired ou-pu

file.

b. Variable and Parameter :hoice

When prompted by Lochinvar:

(1) Enter indices of variables to be 'ised in

test. Enter blocks or pairs to be excluded, if any. Entqr

whether to ,ise a~raziate variablss.

(1) If aggregate variables are not used, en-.er

indices of variaoles to be used in the tes-.
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for-a (2) If aggregates are used, Lochinvar will

prompt for a choice on each data set variable, i=1 to -h,:.

number of variables in the data set. If the ith data set
variable is to be excluded from the test, entc-r 0. 1f i4 =

to be included, enter the index of the aggregate variabie
into which it should be combined. For example, with the

Farmland data set described above, Lochinvar would prompt

user choices on data set variable i= 1 to 6. Let the test

be a comparison of yields with or without pssticide, thus

variables A and C into aggregate variable 1, B and D into 2,

and E and F excluded. When prompted for the data set var 1,

enter 1. For data set var 2, enter 2. For data set var 3,

enter 1. For data set var 4, enter 2. For data set var 5

and 6, enter 0.

4. Test Execution

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

5. Outpqt inilable to the User

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The program will print the test statistic and the

* degrees of freedom, as well as a two by number of variables

contingency table, showing how many elements of each vari-
able are less than or equal to the grand median of all vari-

ables, and how many are greater than.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

j I. Descri on of _CA _ulation 2f Test Statistic

a. Calculation of the Cell Zounts of the M Matrix

The M matrix has two rows and a column for each
variable in the test. The A row has the number of elements

__ in each variable less than or equal to the grand median; the
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B row has the number of elements gr-.ater than the grand

-.- median. The values of all the variables are copied ir.to a

vector, which is sorted; the median of all those values is

the grand median. The counts of the cells of the ma-rx M

are set to 0. Each element of the first variable is compared

to the grand median; if less than or equal, the A row first

column cell count is incremented, otherwise increment B row

first column cell count. After all elements of the first

variable are compared to the grand lean, do the second var-

able, incrementing the 2 column's cell count, et cetera.

b. Computing the Test Statistic

Sum all ccunts of the A i-ow to find Atot, and all

counts of B to find Btot. Sum Atot and Btot to find N. Sum

the first column counts to find NAV(1) , the second column

counts to find NAV(2), et cetera. The expected cell count

for cell aj is Atot*NAV(J)/N; for bj, Btot*NAV(J)/N. The

test is in essence the chi-square test for independence (r*c

contingency table), with the test statistic as the sum over

each cell of observed minus expected count squared, divided

by the cell expected count. The act.ual equations used
exploit the structure of the problem. The degrees of

freedcm a-e (r-1) (c-i) = number of variables minus one.

2. RPro qm_ flethod of 3,eration

a. Aggregation of Variable

The subroutine Media assumes that aggregate vari-

ables are always used. When not, te program uses k aggre-

gate variables where k equals the number of data set

variables included in the test; aggregate variable 1 is data

set variable 1,...,aggregate variable k is data set variable

k. When aggregates are in fact specified, their values,

contained in -p vectcr, will be used. In either case, the

vector AGVARI will contain the indices relating each data
el set variable to an aggregate variable.
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S-.. b. Cell counts

The matrix M is a fiction. The vector NA is the

count of elements less than or equal to the grand median;

it is arranged acording to aggregate variable indices. NB

is the count of elements greater than the grand median. In

a do fcr loop, i=1 to the number of data set variables, k is

set to AGVARI(i) , and each element of the ith data set vari-

able is compared to the grand median. If the element is

less than or equal to the grand zedian, increment NA (k)

(=NA (AGVARI (i)) otherwise, increment NB (k) .
-c. Compute the Test Statistic

NA(i) and NB(i) are summd to find NAV(i). All

elements of NA are summed to find A, all elements of NB are

summed to find B. A plus 3 equals .. The test statistic is

computed using the specialized equations of Conover [ref 1,

p. 172]. The degrees of freedom are the number of aggregate

variables minus one.
~~3. Rjoqn&._ Caracterist~ics

a. Limitations

Maximum number of data points: 400. Maximum

number of variables or aggregate variables: 15.

b. Subroutines/Procedures Used
(1) Lochinvar: Median, Agmed,WhichvecNone ex

(2) Crunch: Media

(3) External: Shsort
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XVIII. KRUSKAL WALLIS TEST

A. OVERVIEW

1. General Purose

With a data set of more than two variables,

X1,X2,...,Xk, test whether the expe.ted values of all vari-

ables are equal.

If this test's null hypothesis is rejected, then it

is possible to determine which of the pairs of variables

have an unequal mean.

If the data set is blocked, consider instead of this

test the Cochran (nerinal), Frielzan (ordinal) or Quade

(interval) tests. If paired, consider the Sign (ordinal) or

Wilcoxcn (interval) tests.

2. Level 21 311suremen-
Ordinal

3. Assumpti!i

a. Each variable is a random sample from withir its

population.

b. The sampling was mutually independent among the
populations.

c. The population distributions are identical, or

else some of the populations tand to have higher values than

others.

a. Null hypothesis

HO: E(Xl)=E(X2)= ... E(Xk)

b. Alternative hypothesis

-.. Hi: E(Xi)*E(Xj) for at least one pair of popula-

tiona represented by the data set.

. 8
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B. ACTICN REQUIRED EY USER OF PROGRAM

1. User Decisions about Proa3 _ -QOtions

The user must specify which variables of a data set

are included in the test.

After the test is run, Crunch will present the

overall test statistic, and a series of comparisons between

the variables. If, and only if, the null hypothesis has

been rejected by the overall test statistic may the user

infer any information by the comparisons between the pairs

(Xi,Xj) of variables.

2. _Ror Ac+ivation wen Usin_ Data Values

a. Initial Choices

See secticn III.C for a detailed explanation of

the following.

In CKS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 14. If data needs to be entered,

enter "N" for first question, "'" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 14. Enter "U","V",..."Z" for desired output

file.

b. Variable and Parameter Choice

When prompted by Lochirivar, enter indices of

variables to be used in test.

*3. jj ujo

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

4-. OutptJ. 1ala_9 to the User
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The 3verall test statistic will be given. Also

listed will be comparisons of pairs of variables; these
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comparisons oaly have meaning if the null hypothesis Ias

been rejected. The paired comparison are essentially a -t

test run on the ranks of the two variables being compared,

testing the hypothesis that their mean ranks are the same.

Crunch supplies the absolute difference in their mean ranks

and the pooled standard deviation; the user must find the

appropriate value of t to conduct the t test.

C. ACTIONS PERFORMED BY THE PROGRAI CRUNCH

1. Calculation of Test Statistic for the Nu'
Syo_thesj

a. Find the Sums of Variable Ranks Ri

Rank all values in the data set. Sum the ranks

in the ith variable to get the value Ri. The number of data

elements in the ith variable is ni, so the average rank in

..- the ith variable is Ri/ni. The sum of ni over all k var-
ables is N.

b. Find the Test Statistic

The test statistic numerator is the sum over k

treatments of (Ri**2)/ni, minus (( I+l)**2)*N/4. To find the

test statistic denominator, S2, first sum over all data

elements the square of the ranks. Subtract from this sum of

squares the term ((N+1) **2) *N/) . Divide that difference

by (N-i) to get S2. Divide the numerator by S2 to find the

test statistic T.
c. Make Comparisons of the Pai;s of Variables

As mentioned above, this step is the student t

test on the ranks of two variables to see if their popula-

tion mean could be equal; it meatns nothing if the null
hypothesis has not been rejected.

For each pair of variables Xi,Xj, find the abso-

lute difference in mean ranks, fRi/ni-Rj/njl. Find the
pooled variance, (S2*(N-1-T)/(N-k)1 times (1/ni+1/nj). The
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pooled standard deviation is the square root of the poolsd

variance. If the absolute difference is greater than the

pooled standard deviation times the desired value of t,

reject tie assertion that the mean of populations i and j

are the same.

2. Erga Method of pertion

The subroutine Kruwal calls Ranque to rank the

values of the data set. In a nested Jo for loop, i=1 to k,

j=1 to ni, the intermediate terms of the statitics are

computed. Kruwal prints the overall test statistic to the

specified output file. It then makes pairwise listings of

the absolute difference of mean ranks and the corresponding

pooled standard deviations.

3. Progl Qracterics

a. Limitations

Maximum number of data points: 400. Maximum

number of variables/treatments: 15.
b. Subroutines/Procedures Used

(1) Lochinvar: Kruwal

(2) Crunch: Kruwal, Rangue

(3) External: Shsort
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XIX. SQUARED RANK TEST FOR E.QAL VARIANCE

A. OVERVIEW

1. General PurDose

With two or more treatments in a data set, test

whether the population variances Df those treatments are

equa.

2. Level 2 surejnt

Interval

3. &ssuPt2ag:
Randox sampling within eazh treatment population,

and among treatment populations. Level of measurement is
interval.

a. Two tailed test, where X,! are treatments

(1) Null hypothesis hO: vir(X)=var(Y)

(2) Alternative hypothesis hi: var (X)#var(Y)

b. One tailed 6est, two treatments

(1) 'lull hypothesis hO: var(X)>=var(Y)

(2) Alternative hypothesis hi: var(X% <var(Y)

c. One tailed test, two treitments
(1) Null hypo t hesis hO: var (X) =<var (Y)

(2) Alternative hypothesis hi: var(X)>var(Y)
d. Number of treatments (Xi) are three or mor

(1) Null hypothesis hO: var(X1)=var (X2)=

.. var (Xk)

(2) Altqrnative hypothesis hi: var (X i) *var (X j)
for some i,1, indices of the data set

N. 93
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B ACTICN REQUIRED BY USER OF PROGRAI

. User Decisions about Proqai Otions

The program allows the user to choose which treat-

ments to include in the test.

2. kloq_!m A2:tivation when U sin Data Values

a. Initial Choices

See section III.C for a detailed explanation of

the fcllcwing.

In C1S, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 15. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 15. Enter "U","V",..."Z" for desired output

file.

b. Variable and Pirameter Choice

When prompted h,- Lochinvar, Ent.er indices of

variables to be used in .te:.

4. est _xetcuion

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in CMS.

5. Out= Aallable to the User

%* % The program CRUNCH displays the output file to which
the data has been sent, e.g., "U LISrING". The names of the

data set and variables appear on the top of the output file.

Also included are the test statistic and the number of

treatments used to ccmpute the statistic.

94&
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C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Desrirtio of Caglj ~ f Test Statistic (T.2ZT2)

a. Fiad the ranks of each absolute deviati4on:

Compute the sample mean for each of k treatment:s.

Subtract the trsatment mean from each of the treatment's

elements. Take absolute values of each of those differ-

ences. Rank all N absolute differanzes (N=total elements in

data set).

b. Complete intermediate statistics:

(1) SUMR, the sum of all ranks.

(2) SUMR2, the sum of the square of all ranks.
(3) SUMR4, the sum of all the fourth power of

each rank.

(4i) SU4RJ, the k element vector with the sum of

the ranks for each treatment.

(5) SUMR2J, the k elemeat vector with the sum of

squared ranks for each treatment.

(6) R2IIU, the average squared rank: StJMR2/N.

(7) RMIU, the average raak: StJMR/N.

c. For two treatments .ompute the statistic Ti

(1) Numerator: (SUMR2J(1)-nl*R2MU)

(2) Denominatior: SUMIRL*nl*n2/(N*(N-1)) , minus

(RMU**2) *nl1*n2/ (N- 1)

(3) T1=numerator/denominator

d. For three or more treatments compute T2

(1) Numerator: difference between these td o

terms, sum over k treatments of (SUM12J**2) /ni, minus

(R2MU**2)*N

(2) Denominator : (SUMR4-N* (R2MU**2))/(N- 1)

(3) T2=numerator/denominator

The program ;ises subroutine iVA to fn ramn

-. means. The subroutine Squark finds the absolute devi.ations;
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.hile the subroutine Rnq ranks them. The subroutine Squark

Uses nest "do for" loops, imI to k (treatments) and J=1 to

ni (elements in treatment), to caluculate the vectors SUMRJ

) and SUHR2J, and the sums SUMR, SUMR2, SUMR4. RMU and R2MU
are found by dividing SUMR and SUAR2 by N. Depanding on the

number of treatments, TI or T2 is found by simple arithmetic

using the intermediate statistics.

a. Limitations

Maximum number of data el-ments is 400. Maximum

V number of treatments is 15.
b. Subroutines/Procedures Used

(1) Lochinvar: Squarank, whichvec
(2) Crunch: Squark,MuvarRnq

4

.4,
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MU IL J-1 L OR Ujl VjAjjCE

A. OVERVIEW

Test for equal variance amon; the k anerlying popu-
lations of the variables or treatzents, reflected by the

values for th~se treatments in the data set.

2. Level, 21 11asureme_
Interval

3. Asss1EE=R1
Random sampling within each treatment, independence

of sampling among treatments. Interval levql of measurement

a. NuLl hypothesis
',HO: var(X1)var (X2) ... var(Xk), where k= number

of treatments

b. Alternative hypothesis
HI: var(Xi)#var(Xj) for 9t least one pair

B. ACTION REQUIRED BY USER OF PROGRAM

The program allows the user to choose which treat-
aents to include in the test.

a. Initial Choices
See section III.C for initial choice details.

In CBS, type L3CHI. If data is already in a data
file, enter 4Y" to first question, then enter file name;

when offered a test, type 16. If data needs to be entered,

enter "N" for first question, "T" for second; when lata

_9,
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• entered, choose to do x test; when offered a choice of

tests, type 16. Enter "U",-V',..."Z" for desired output

file.
b. Variable and Parameter 2hoice

When prompted by Lochiavar, Enter indices of

variables to be used in test.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CSS.

5.- 2==23 LIIabl ta tkn JL_9
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The there are the maximum and minimum variances and

indices of the associated treatments. Finally, there is the
F statistic, to be compared to a table prepared for the

-W. Hartley test.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

Crunch does the following: Compute the sample vari-

ance for each treatment. Find the smallest and largest

variance. Divide the largest variance by the smallest vari-

ance to yield the test statistiz F. Compare the test

statistic to a special table to see if the null hypothesis

should be rejected.

20 PrOgMI J1h2 91 29101 211
The treatment variances are figured in the subrou-

tine nUVAs. The subroutine HARTLE scans the variances to

find the largest and the smallest, divides the former by the

latter, and gives that number as the test statistic F.
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- 3. .2al Qac.§jjc&

a. Limitations

The maximum number of dati elements is 400; the

maximum number of treatments is 15.

b. Subroutine/Procedures Iavolved
(1) Lochinvar: Hartley, Vhichvec

(2) Crunch: Hartle,fluvar

*(3) External: Shsort

--.
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A. OVERVIEW

1. Generkal nug2n
4To perform a treatment aal block test, similar to

&NVI*A using only ordinal data. In fact, the data may be
rankable only within ea~h block; i.e., no relationship

between data values in different blocks is necessary.
The Friedman test is for dita sets o-f complete

block design. i.e., each treatment is applied to each block.
The Durbin test is a generalized Friedman -est, for

use with incomplete block design. With t treatments and b
blocks, each treatment is appliel to r blocks (r~b), and

each block receives k treatments (k(t). The user must guar-

antee that the design i.s balanced, and insert a filler valule
in place of missing data values when entering the data set.

Each test will generate a set of differences
between pairs of treatment summed ranks. if, and only if,
the null hypothesis is rejected, these differences may be

used, in conjunction with a standarl deviation value and the

student's t distribution, to determine if there is a signif-
>1 icant different between two treatments.

2.Lvl f 4tsrgl

Ordinal within ea--h block.

3. jaggRJISg
Values within blocks are inlapendent among blocks.

4. HyyothgJ&

a. Wall hypothesis
H Oe Each possible ranking within the block is

equally likely (that is, the treatment effects are equal)
b. Alternative hypothesis
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Hl: At least one of the treatments tends to get

higher ranks than at least one other treatment.

B. ACTICN REQUIRED E USER OF PROGRAM

The user must decide which treatments and blocks to
include in the test. If a incomplete block design is to be

used, the user must specifically enter the data set for this
purpose: there will be t variables, and b elements entered
for each variable. In those elements which have a no data
value (a treatment which was not applied to some block),
enter a filler value. In a data sat, there can be only one

filler value, and it must be different than any of the data

values. For example, if all the data values are positive,
-1 could be used as a filler.

2. Ativi2n when gjL ja jajs

a. Initial Choices
See secticn III.C for a detailed explanation of

the following.

In CBS, type LOChI. If data is already in a data'
file, enter "Y" to first question, then enter file name;
when cffered a test, type 17. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 17. Enter "U","V",..."Z" for desired output

file.
b. Variable and Parameter Zhoice

hen prompted by Lochinvar:
(1) Enter whether to use the Friedman or Durbin

test.
(2) If the Friedman test is chosen, enter the

treatments to be used and any blocks to be excluded.

.101
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(2) If the Durbin test is chosen, enter the

treatments to be used, any blocks to be excluded, k= number

of treatments applied to each block, r* number of blocks to

which each treatment is applied, and the filler value.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CBS.
5. 23ft! L%"Ak 121 a

The program CRUNCH displays the output file to which
the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The overall test statistic for the null hypothesis

will be given. In addition, the difference between pairs of

treatments$ summed ranks will be listed; these are mean-
ingful only if the null hypothesis is rejected.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

*1. Deci" of Calgulation_ of1 Test Statisticj

a. Use of Filler, If Durbia Test
If the Durbin test is indicated, find the maximum

value in the data set. Add 1 to that maximum value to form
BPI. In a do for loop, substitute MP1 for the filler value,

and create the integer vector INTESr. INTEST(i) equals 1
if the ith element in the data set is not the filler value,

0 if the ith element is a filler.
b. Rank Values Block by BloCk

In both tests, find the ranks of the values of

the data set block by block. Load those ranks into the R

vector.

In the Durbin test, the filler elements will have
a higher rank than these of data elaments, since the fillers

were loaded with BPI. Therefore, after all the ranking is
complete, multiply the rank vector times INTEST; this sets

the ranks of all filler elements to 3.
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c. Sums of Treatment Ranks and Total Sums

Square each rank of the rank vector R, and sum
those squares over all treatments and blocks to form A2. Sum

the ranks of each treatment to form the vector RJ; RJ(J)
contains the sum of ranks of the Jth treatment.

d. Test Statistic for the Friedman Test
Square each element of the RJ matrix; sum those

squares; divide that sum of squares by the number of blocks

to find B2. The dencminator of the test statistic is A2-B2.
Let b be the number of blocks, t the number of treatments.

The numerator of the test statistic is (b-i) * (B2 -0.25bk*

(k+ 1) **2). Divide the numerator by the denominator to get
the test statistic T2. Compare T2 to the F distribution
with (k-i) and (k-i) (b-i) degrees of freedom

e. Test Statistic for the Durbin Test
Sum the squares of RJ. Multiply that sum of

squares time 12(t-i). Divide that product by rt (k-1) (k+1),

where r is the number of blocks to which each treatment is
applied, and k is the number of treatments applied to each

block. This quotient is the first term of the test

statistic. The second term is 3r(t-i) (k+1) divided by

(k-i). Subtract the second term from the first term to find

the test statistic T. T is compared to the chi-square
distribution with t-1 degrees of freedom.

f. Paired Comparisons of Treatments
Crunch will print the following numbers in all

cases, but they only have meaning when the null hypothesis

is rejected. For each i,j of the treatments, the absolute
difference between the sums of treatment ranks is listed.
The number that is equivalent to ths standard deviation is

also computed. For absolute differences greater than the
standard deviation times the t quantile (i-alpha/2), the
treatments caa be considered to have a different effect.
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The subroutine Fried. performs most of the computa-

tions. The subroutine Ranque ranks the values block by

block. The subroutine Parcom does the comparisons of treat-

sent sums of ranks.
3. Rroplp QjLra rig! -g

a. Limitations

Maximum number of data points: 400. Maximum

number of variables/treatmsnts: 15.

b. Subroutines/Procedures Used

(1) Lochinvar: Friedman

(2) Crunch: Frieda, Ranque, Ranq, Parcom

(3) External: Shsort

.10
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xxIT. QUD TES

A. OVERVIEW

With interval data organized into t treatments and b

blocks, test whether all treatments have the same effect.

If not, treatients can be compared for differences in pairs.

2. Level f fl~asurep.2
Interval

a. The values of each blocks are independent of the

values of the other blocks.
b. The sampling within each block can yield a range

of the elements; that range must be rankable aaong blocks

a. Null hypothesis
H0: Each possible ranking within the block is

equally likely (that is, the treatment effects are equal)

b. Alternative hypothesis

H1: At least one of the treatments tends to get

higher ranks than at least one other treatment.

B. ACTION REQUIRED BY USER OF PROGRA[

The user must specify the treatments to be included

in the test, and whether any blo:ks are to be excluded.

Crunch will provide the absolute differerce between pairs of

treatments if and only if the null hypothesis is rejected,

these comparisons can be used to test whether the effects of

the pairs are equal.
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a. Initial Choices
See section III.C for a detailed explanation of

the following.

In CHS, type LOCHI. If data is already in a data

filet enter "Y" to first question, then enter file name;

when offered a test, type 18. If data needs to be entered,

enter "N" for first question, "T" for second; enter the

data; when offered a choice of tests, type 18. Enter
NU","VN,..."ZN for desired output file.

b. Variable and Parameter C"hoice

When prompted by Lochinvar: Enter indices of

variables to be used in test.

3. ZM~ jjct4

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CHS.

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The test statistic T and its degrees of freedom are
listed. Finally, the absolute difference between the pairs

of sums of treatment ranks are given. These differences,

when used with a standard deviation computed by Crunch and

the t distribution, can be used to check for equal effect

between pairs of treatments.

C. ACTIONS PERFORNED BY THE PROGRA1 CRUNCH

a. Rankings within and among Blocks

Rank each element in the block; assign the

elements to the matrix of ranks R. Subtract the largest

4element from the smallest element; that becomes the block's

4
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"-. . range, stored in the vector R. After all blocks have had

their elements ranked, rank the vector R; those ranks form

the vector Q.

b. The Size Matrix S

With t equal to the number of treatments, the

average rank of R is (t+1)/2. Subtract that average rank

from each element of R. Multiply the reduced ranks of the

first block by Q(1) , the reduced ranks of the second block

by Q(2), et cetera, to form the matri x S.

c. Sums of the Treatment Elements of S

Sum the elements of the jth treatment of S over

all blocks to form the Jth element of the vector SJ. Square

each element of SJ, sum those squires over all treatment,

and divide by b, the number of blocks, to find B1. Square

V 1 all elements of S, and sum all those squares to find Al.

d. Test Statistic
.. . The test statistic Ti is (b-i) time Bi divided by

the quantity l minus Bi. Compare Ti to an F statistic with

degrees of freedom (t-1) and (b-i) (t-1).

e. Pairwise Comparisons
These values have meaning only if the null

hypothesis is rejected. Compute the absolute difference

between each pair of the vector SJ. If that difference is

greater than the student's t quantile times the computed

standard deviation, the pair of treatments can be said to

have a different effect. The standard deviation is found by

taking the square root of (2b(A1-B1)/(b-1) (t-1)).
2- o__al1.hLd2f 2pr_ io

The subroutine Quade calls Ranque to find the matrix
R and the vector Q. The test statistic is computed in

Quade, as is the standard deviatioa. The subroutine Parcom
makes the pairwise ccmparison.
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a. Limitations

maximum number of data points: 400. Maxi mum

number of variables/treatments: 15.

b. subroutines/Procedures Used

(1) Lochinvar: Quade

(2) Crunch: Quade, Ranque, Rnq, Parcom

(3) External: Shsort

108

,o



.J,

XXIIIo COCHRAN TEST FOR RELATED UBSERV)rIONS

A. OVERVIEW

, 1. G-egeral _..p_2_se

With a data set of b blocks, to which k treatments

have been applied, test whether the treatments have been

4'. equally effective. "Effective" must be reducible to two

categories, mutually exclusive and collectively exhuastive.

Here, these categories will called success and failure.

If the data is not reducible in this fashion, the

Friedman (ordinal) or Quade (interval) tests are available.

2. Level !2 fleasurgasal

Nosinal
3. .4ssumptiAoas

The blocks are a random sample from among all blocks

a. Null hypothesis

0: The treatments are equally effective

b. Alternative hypothesis

Hl: There is a difference in effectiveness among

the groups.

B. ACTION REQUIRED BY USER OF PROGRAM

The user must decide the standard for success or

failure of each treatment. If the data is nominal, the user

should enter cell counts. See paragraph 2, below. If the

data is ordinal, the user may enter a partition value for
each treatment of a data set; see paragraph 3. If this

latter method is used, Crunch will classify each value of an
. .' .4.:
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entered data set as a success or failure by its relationship

to the partition value for its treatment.

If partition values are used in conjunction with a

data set, the user may specify which variables of the data

set are to be included in the test, and may designate blocks

to be excluded.

. 2. 2102.l A2t 2 Xatiohn wZn _Us9in- CsI1 22M,_1
a. Initiation and test selection

In CHS, type LOChI. Enter "N" for no to question

about previously entered data. Enter "C" for cell counts.

Enter "U","V",. "Z" for desired output file. When offered a
choice of tests, enter 19.

b. Cell count entry

Lochinvar will ask how many treatments and how

many blocks are included in the test. After those numbers

are entered, Lochinvar will ask whether block 1, treatment 1

was a success. Enter yes or no. The program will prompt

for each treatment in block 1, then move to block 2, and so
forth, through the b*k choices. The matrix of 1's
(successes) and 0's (failures) will be displayed, and the
user has the chance to correct the values for any block (the
program will prompt for entries of each treatment of a spec-

ified block).
4 3. Prcta jqjva j when Usg. 21a1jl

a. Initial Choices

See section III.C for a detailed explanation of
the following.

In CES, type LOCHI. If data is already in a data
file, enter "Y" to first question, then enter file name;
when offered a test, type 19. If data needs to be entered,

enter "N" for fi:3t question, 'IV" for second; when data

entered, choose to do a test; when offered a choice of
tests, type 19. Enter 11U"V"1,..."Z" for desired output

S file.
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b. Variable and Parameter Choice
Lochinvar will ask if treatment 1 is in the

test. If yes, then it will then ask the partition value for

treatment 1, whether successes lie above or below that

value. The same questions will be asked for each treatment.

After each treatment is either excluded or given a partition

value, Lochinvar will offer the user the chance to exclude

blocks from the test.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CHS.

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The test statistic T will be listed.

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. LU ijoj gf q"2_ulationq af I=- §ti ~q
a. Calculation of Block and Treatment Totals

If the user chooses the method of cell counts

(paragraph 2, above), Lochinvar will sum the successes over
each of b blocks and over each of k treatments. These

totals will be in the cells vector of line 3a of the options

file (see Appendix D for details of the options file), to be

read by Crunch.
If the user chooses to enter partition values

(paragraph 3 above) , Crunch uses that information to compute
the block and treatment totals.

b. Computing the Test Statistic
The numerator of the test statistic involves the

sums of successes for each treatment. The total number of

successes N is found by summing each treatment number of

•%
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successes Ci; N divided by the number of treatments k is the

average number of successes per treatment. Find the sum of

squared deviations by summing over k treatments the square

. of (Ci-N/k) . Multiply that sum of squares by k(k-1) to get
the test statistic numerator.

The denominator of the test statistic is the sum

over all b blocks of the number of successes in block i
times the number of failures in block i.

Divide the numerator by the denominator.

a. When Using Cell Counts
In the procedure Cochran, Lochinvar prompts the

answer of yes or no to the question of whether block i,

treatment J, is a success. If yes, it increments the total

of successes in the count for block i and treatment J. The

total for block i is contained in the ith element of the
vector CELLS; the total for the jth treatment is contained

in the (J~b)th element of CELLS, where b is the number of
blocks. The number of blocks (NROI) and number of treat-
ments (NCOL) are written in Line 3 of the options file; the

vector CELLS is written in Line 3a. The Crunch subroutine

Celler reads those values, and sends them to the subroutine
Cochrn, which computes the test statistic.

b. When using Partition Values

In the procedure Cochran, Lochinvar asks the

partition value of each treatment included in the test;
those values are entered in the odd numbered elements of

vector PARTV, that is, 1,3,...,(2k-1), where k is the

number of treatments. In the even numbered elements of
PARTV is a +1.0 if successes are below the preceding parti-
tion value, or -1.0 if the successes are above it. For
example, PART V of 3.0 -1.-0 7.0 1.0 means that there are two
treatments; in the first treatment, successes are above 3.0,
in the second, successes are below 7.0. The number of

* 112
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blocks (NROW) and the number of treatments (NCOL) are

written in the Line 3 of the options file; PARTV is written

into line 3a.

The Crunch sub:outine Caller calls the subroutine

Coch to use PARTV and the data elements values to find the

totals of successes for the blocks and treatments. It

places those counts (in the same format as CELLS, describe

in subparagraph a, above) into the vector RCCT. That vector

is used by the subroutine Cochrn to compute the test

statistic.
3. u. a _acteri ics

a. Limitations
Vhen the user enters cell counts, the sum of the

treatments and blocks cannot exceel 50 (b~k), and the total

number of cells (b*k) cannot exceed 400.

When the program computes the treatment and block

totals, the maximum number of data points is 400; the

maximum number of treatments is 15. The sum of treatments
and blocks (bek) cannot exceed 50.

b. Subroutines/Procedures Used
(1) Lochinvar: Cochran, Cel-test
(2) Crunch: Cochrn,Celler

(3) External: Shsort

.11



XXTV. KL1.OGORq

A. 0 Via VIE W

With a sample of 30 or less data points, test to see

whether the population from which the sample is drawn is of

a specified distribution with specified parameters. Thq

choice of hypothesised distributions is uniform, normal,

exponential, weibull, and erlang (gamma with an integer

shape parameter).

The Lilliefors test is ideatical to the Kolmogorov

test except that it estimates parameters from the sample;
normal and exponential distributions can be hypothesised.

2. kIMzl qlasurelm_-t
Interval

The sample is a rindom sample from the populaticr.

'4. H1Z2t2kII.
With F*(x) as the theoretical distribution with

specified parameters, and S(x) is the population's urler-

lying distribution function, the hypotheses are:

a. Two tailed test

(1) Nall hypzthesis hO: F*(x)=S(x) for all x
(2) Alternative hypothesis hi: F*(x)#S(x) for

at least one x in range of sample

b. One tailed test

(1) Pull hypothesis *hD: F*(x)!S(x) for all x
(2) Alternative hypothesis hi: F*(x)>s(x)

c. One tailed test

(1) Null hypothesis h3: F*(x) _S(x)

(2) Alternative hypothesis hi: P*(x)<S(x)

zezze ......
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B. ACTION REQUIRED BY USER OF PROGRAM

1. .22 _ onA§~ s C2b__1 Mmal onM!S
If a data set has more than one variable, the use=

must specify which is used. If the chosen variable has more

than 30 elements, the chi-square goodness of fit test will

automatically be given. Otherwise, the user must specify

the distribution to use, and all its parameters, from among
"S. the fcllcwing:

a. Normal (specify mu, sigma squared)

b. Exponential (specify lambda=rate,scale)

c. Uniform (specify a-lower bound,b=upper bound)
d. Erlang (specify n-integer,shape; lambda=scale)

e. Veibull (specify alpha-shape, lambda=scale)

2. jr2= 12tvto L~ Usig6a 2il y&Lu
a. Initial Choices

See section III.C for a detailed explanation of
the follcwing.

In CBS, type LOCuI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 20. If data needs to be entered,

enter "NO' for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 20. Enter "U","V",..."Z" for desired output

file.

b. Variable and Parameter Choice
When prompted by Lochinvar:

(1) Enter index of variable to be used in test.

(2) Enter number of theoretical distribution.
(3) Enter parameters as prompted.

(4) Enter letter of type hypothesis.
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t3. lint ,u

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in C3S.

4. Outy " A!11abAl t2 th2 gl2
The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output
file. The values of the largest difference F*(x)-S(x) , the

smallest (most negative) difference, and the greatest abso-
lute difference are displayed. Depending on the hypothesis,
Crunch selects the proper value of thase three as the test
statistic, and displays that value.

C. ACTICHS PERFORKED BY THE PROGRAM CRUNCH

a. Empirical Cumulative Distribution Function (CDP)
Sort the data elements, giving order statistics

1() ,...,,X(n), where n is thi number of data elements. The

empirical cdf equals 0 for values of X lower than the
smallest X, X(11. At X(1), the cdf Jumps to I/n; the cdf
increases by 1/n at each new order statistic. At X(n), the

empirical cdf equals 1, and remains 1 for all values of x
greater than the sample. The empirical cdf is stored in the
vector S.

b. Points on the Theoretical CDP

With a specified distribution and parameters,

find the value of the cdf for each value of the order
statistics 1(1) 0...,X(n). For example, with exponential
(lambdaw2) specified and X=1.5, the value of the theoretical
cdf is 1.0-exp(-(2*1.51) =0.9502. Sto.e these values in the

vector F.
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c. Difference between Empirical and Theoretical
• CDP' s

With a sample of size n, there are 2n differences
between S and F. For example, at X (1) , S jumps from 0 to

I/n, so that F(1) is compared to both values. At each order

statistic value, the theoretical distribution F(i) is

compared to S(i-1) and S (i) Crunch keeps track of the tain

(most negative difference, or if all are positive, the
smallest positive), and tmax (most positive, or if all are
negative, the closest to zero).

d. Test Statistics
For a two tailed test (hypothesis A), the test

statistic is the larger of the absolute values of tmax and
tain. Fcr hypothesis B, tmax is the test statistic. For

hypothesis C, tain is the test statistic.
2. o21E Ulh-kd 21 e hoon

The subroutine Kolmog compute the empirical cdf, by
a do for loop i-i to n. with S(i)ai,'. Shsort orders the
sample values to form order statistics. The theoretical

cdf's are found in one of the fcllowing subroutines: normf,

*xpf, unif, erlf, and weibf.
The subroutine Findt finds the differences between S

and F for each value of X. For i=i, F is compared to 0 and

S(1). Then, in a dc for loop i-2 to a, F(i) is compared to
S(i) and S(i-1). These 2n difference are stored in the
vector T. mAother do for loop, J-1 to 2n, finds tmax and

tain. From those two values, the greatest absolute differ-
ence is found.

3. Progjas a~aceigg
a. Limitations

Maximum number of data points: 400. Maximum

number of variables/treatments: 15.

9%
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. *~-.: b. SubrouinesProcedures used

(1) Lochinvar: Kolmog, Upar, Wpar, Erpar, Npar,

* Expar

(2) Crunch: Kolmog, Fiadt; Norm', Unif, Ex pf ,

Erif, Vibf

(23) External: Shsort

*11
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XXV. JLLIEORS 1!J

A A. o VER VIE W

With a sample of less than 31 elements, this tasts
whether the sample came from a specified distribution,
either a normal or exponential. The parameters used for the
test are the maximum likelihood estimates (MLE), derived
from the sample mean and variance. Those two values are
computed and displayed in the output file; however,
Lilliefors tests only the distribution type, not the param-
eter value. (Any value other than the HLE would have a

higher probability of rejecting the null hypothesis).
If specific parameters must be tested for, use the

Kolmogorov test.

2. L9121 21 IIAIMII!T22
Interval

3. ksumaaL1211
The data values are a random sample of the popula-

tion.

With F*(x) as the hypothesised distribution func-
tion, with MLE parameters, and S(x) as the actual population
distribution

a. Null hypothesis
HO: P*(z)-S(z) for all r

b. Alternative hypothesis
Hl: F*(X)OS(1) for at 1east one x

MA
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.:.:.. B. ACTICN REQUIRED BY USER OF PROGRAM

1. user Deist2ns _bou! £ Erogram O_21i~ons

If more than one variable is in the data set, the

user must specify which one to utilize for the test. If

that variable has more than 31 elements, the goodness of fit

test will be offered automatically. otherwise, choose

whether tc test for the normal or the exponential distribu-

tion.
'3 ~ ~2r. orL kc _vatioa y_. __i Daa Values

a. Initial Choices

See section III.C for a detailed explanation of

the follcwing.
. In CKS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 21. If data needs to be entered,

. enter "N" for first question, "V" for second; when data
.4.

.-''- entered, choose to do a test; when offered a choice of

tests, type 21. Enter "U","V",..."Z" for desired output

file.

b. Variable and Parameter Choice

When prompted by Lochinvar:

(1) Enter index of variable to be used in test,

if there is more than one in the data set.

(2) Enter whether to test against the best

fitting normal or exponential distribution.

3. TLset 1ecljen

Tc perform the test, after the above entry of data

and parameters, type CRUNCH while in CKS.

4. otgulk_ AvjAjae 12 the User

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. The sample mean and variance are listed, as well as

Ph the test statistic.
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C. ACTICNS PERFORMED BY THE PROGRAd CRUNCH

1. Desertion of Calculation of Test Statistic

a. Finding the MLE Parameters

The sample mean and variance are computed. Tf

* the test is for normality, the theoretical distribuition's

parameters mu and sigma sguared are estimated by the sample

mean and variance respectively. If the exponential is the

theoretical distribution, its parameter lambda is the recip-

rocal of the sample mean.

b. Calculation of the Test Statistic

The remainder of the test is exactly the same as

the two- tailed Kolmogorov test. The empirical distribution

-'. function is generated using (1/n) iacrements for each of the

n sample data elements. The difference between the empir-

ical and theoretical distribution is computed at each value

of x contained in the sample. The greatest absolute differ-

"' once is the test statistic.
~2. EZ=1 _fttI o o e ..aio

The subroutine Lilief calls Muvar to find the sample

mean and variance, then assigns MLE values to the rp vector.

The subroutines Norf cr Expf, as appropriate, are called to

generate values of the theoretical distribution at the

values of 1(1) ,...X(n). The subroutine Findt finds the

largest, smallest and greatest absolute difference; that

last value is the test statistic.

3. Zrogal ha_ triti_

a. Limitations
Maximum number of Iata points: 30, in one vari-

able.

b. Subroutines/Procedures Used

(1) Lochinvar: Lillie

(2) Crunch: Lilief,Muvar,Expf,Norf,Findt

(3) External: Shsort
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XXVI. TPIr_ H_4K TEST FOR NORMALITY

A. OVERVIEW

1. Gene~ral Pr2s

With a sample of 30 or less data points, test to see

if the sample is from a normal distribution of unspecified

parameters. Although Crunch computes the sample mean and

variance, they are not displayed. No statexent about the

population parameters is made by this test.

Interval

3. .4sa,+1a

The sample is randomly drawn from the population.

4. Uvohei

With r*(x) as a normal distribution of unspecified

parameters, and S(z) as the distribution function of the

population,

a. Null hypothesis

HO: F*(x)=S(x) for all x

b. Alternative hypothesis

Hl: F*(x)#S(x) for at least one x

B. ACTION REQUIRED BY USER OF PROGRAM

1. *Ur 2lcifl§ jb.q 2ZSj 2ptjns

If there is more than one variable in the test, the

user must specify which one is to be utilized. If hat

variable has xore than 30 elements, the goodness of fit test

will be automatically offered. If not, no further choices

are necessary.
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§ 2. goi Actj..a.tin ]hen nsiga Data ,.lute

a. Iraitial choices

See section III.C for a detailed explanation of

the fcllcwing.

In CMS, type LOCHI. If data is already in a data

file, enter "Y" to first question, then enter file name;
when offered a test, type 22. If data needs to be entered,

enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 22. Enter "Z for desired output

file.
b. Variable and Parameter hoice

When prompted by Lochinvar:
Enter index of variable to be used in test, if

there is more than one in the data set.

4. T111 1&ui2
Tc perform the test, after the above entry of data

"' " and parameters, type CRUNCH while in CMS.

5 l. Ajable ta th2 jUser

The program CRUNCH displays the output file to which

the data has been sent, e.g., "U LISTING". The names of the
" S data set and variables used are at the top of the output

file. The test statistic will also be included.
_5,..

C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Descri 2. of Cajculation of Test StatisticLelel

a. Compute the Sum of Squared Deviations
The sum of squared deviations is the sum over n

of the square of the difference between X(i and the mean of
I. The program actually figures the sample variance and
multiplies by (n-I). This is the denominator of the test

st atistic.
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' '.b. Compute the Sum of the Weighted Differences

The sample is sorted into the order statistics,

X(1) ... , X(n) . Subtract values with the same depth from

the end pcintse.g, subtract X(n) - X(1), X(n-1) -

X(2),.. .,X(n-i+1) - X(i). The n is even, there are n/2

differences; if n is odd, there are (n-l)/2 differences,

with the median excluded. Multiply these differences by

a(i) weights, provided by Lochinvar. Sum the weighted

differences. This is the numerator of the test staistic.

c. Compute the Test Statistic

Divide the sum of weighted difference by the sum

of squared deviations.

The subroutine finds the sample variance by calling

Ruvar. Shsort is used to order the sample into order

statistics X(1) ,...,X(n). A do for loop, i=1 to trunc(n/2),

* is used to calculate the sum of a(i)*(X(n-i+1)-x(i)) ; the

a(i)'s are contained in the rp vector.

a. Limitations
Maximum number of data points: 400. Maximum

number of variables/treatments: 15.
b. Subroutines/Procedures Used

(1) Lochinvar: Wilkes

(2) Crunch: Wilksh,Muvar

(3) External: Shsort
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A. OVERVIEW

With two samples, X and Y, each drawn from a

different population, test whether the underlying population
distributions F(x) and G(y) could be equal over the en-tire

range of X and T.

The Sairnov and Cramer-von Mises test differ only in

the computation of the test statistic, and therefore, the

choice of hypotheses.

2. Level 2f jjasur !12a

Ordina 1

3. j4ssumtia

The samples are drawn ran.omly from their popula-

tions, and are rankable against each other as well as within

samples.

a. Two tailed test

(1) Mull hypothesis h3: F(x)zg(x) for all x

(2) Alternative hypothesis hi: F(x)*g(x) for at

least one x in range of sample

b. One tailed test

(1) Null hypothesis hl: F(x)!Sg(x) for all x

(2) Alternative hypothesis hl: P(x)>g(x)

c. One tailed test

(1) Null hypothesis h3: F(x) !g(x)

(2) AlternatIve hypothesis hi: F(x)<g(x)
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B. &CTICN REQUIRED EY USER OF PROGRAM

1. 2 -1.qjU I U2.aiU 2 -2fla

The user must designate which of two variables are

used, if the data set contains more than two variables. The

user specifies the type of hypothesis.

2. vala jva n vhea 1iial 2 ius_
a. Initial Choices

See secticn III.C for a detailed explanation of

the following.

In CBS, type LOCHI. If lata is already in a data

file, enter "Y" to first question, then enter file name;

when offered a test, type 23. if data needs to be entered,

enter "N" for first question, ,'V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 23. Enter "U","V-,..."Z" for desired output

file.
b. Variable and Parameter Choice

when prompted by Lochinvar: Enter indices of

variables to be used in test.

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CBS.

The program CRUNCH displays the output file to which

the data has been sent, e.g., -U LISTING". The names of the

data set and variables used are at the top of the output

file. The test statistic will also be listed.
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C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. Descri &J 2ja qf ga julation of _st Statistic

a. Calculate the Difference Vector S

X and Y are sorted into order statistics,

X (1),...,X(a), and Y(1),...,Y (n). The counter for X is i,

the counter for Y is j. Compare X(1) with Y(1). If X(1) <
Y(1) then increment i; if 1 (1) > Y(1) then increment J. The

difference between the empirical distribution functions is

(i-1)/m minus (J-1)/n. After each comparison of X(i) and
Y(J) the appropriate counter is incremented and the differ-

ence is calculated and stored in the vector S. The counter

i is incremented until it reaches (m+1) ; j can reach (n+1).
If X(i) - Y(J), increment i, calculate and store the differ-
ence, then increment J, and compute and store the differ-

ence. There will be (mWn) elements in S.

b. Calculate the Test Statistic
For a two tailed test (hypothesis A), the

greatest absolute difference is the test statistic. For

hypothesis B, the largest difference is the test statistic.
For hypothesis C, the smallest difference is the test

statistic.

The subroutine Smirn calls Shsort to rank X, then
rank Y. It calls the subroutine Finds to calculate the

difference vector S, then chooses the test statistic based
on the hypothesis specified.

-,3. JLQ~fLI Q~A9itc

a. Limitations
Maximum number of data points: 400. Maximum

number of variables: 2.
b. Subroutines/Procedures Used

(1) Lochinvar: Smirnov
(2) Crunch: Smirn, Finds
(3) External: Shsort
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X III. CRIRVO "1S11

A. OVERVIEW

-, 1. Geal.m Zrp~sm
-With two samples, X and Y, test whether the under-

" lying population distributions F(x) and G(y) could be equal

over the entire range of X and Y.

The Smirnov and Cramer-von Rises test differ only in

the computati3n of the te-t statistic, and therefore, the

choice of hypotheses.

Interval

3. Asump&2ag
The samples are randomly drawn from the respective

* . populations, and are independent of each other.

4. HvnothgE~s

a. Null hypothesis

HO: F(X) =G(X) for all x
b. Alternative hypothesis

Hi: F(z)=G(x) for at least one x

B. ACTION REQUIRED BY USER OF PROGRAM

1- User 212121-23ns ab211 .22-02111 22_H1_in

If there are more than tw3 variables in the date

set, specify which two are in the test.

a. Initial Choices

See secticn III.C for initial choice details.

In CHS, type LOCHI. If lata is a"-ady 1n i Ia-a

file, enter "" to first questioa, ".hen enter file name;

128



when cffered a test, type 28. If data needs to be entered,

-- enter "N" for first question, "V" for second; when data

entered, choose to do a test; when offered a choice of

tests, type 28. Enter "U","V" ..."Z" for desired output

file.
b. Variable and Parameter :hoice

When prompted by Lochinvar:

Eater indices of variables to be used in test.,

if the data set has mcre than two.

3. LUgI jjg~jon

To perform the test, after the above entry of data

and parameters, type CRUNCH while in CNS.

4~4 94= i~M niablto thle User

The program CRUNCH displays the output file to which
the data has been sent, e.g., "U LISTING". The names of the

data set and variables used are at the top of the output

file. In addition, the test statistic is listed.

." C. ACTIONS PERFORMED BY THE PROGRAM CRUNCH

1. _91= 12Dp j _ o alc.ation of Test Statistic

a. calculate the Difference Vector S
This step is exactly the same (using the same

subroutine) as in the Smirnov test. See section XXVII for

details.
b. Calculating the Test Statistic

Find the sum of the squared elements of the S
"6 vector. with a as the number of elements of X, and n as the

number of elements of Y, multiply the sum of squared S(i)
times (m*n)/(m+n)**2. This is the test statistic.

2. Poqal Aet_4cd of 2pasaion

Thesubroutine Crmvon calls Shsort to order X and
order Y into order statistics. rhe subroutine Finds finds

the vector S. In a do for loop, i=1 to (m+n), Crm von
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• .:e&, squares and sums S (i). That sum is then multiplied by

(a*n) / (a+n) **2.

3. Zrog ra
a. Limitations

maximum number of data points: 400. Maximum

number of variables: 2.
b. subroutines/Procedures Used

(1) Lochinvar: Cramvon

(2) Crunch: Cravon, Finds

(3) External: Shsort
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APPENDIX A

TUTORIAL: LINKING TO AND USING THE COMPUTER PACKAGE

A. PURPOSE

This appendix contains three things: instructions on

how to link to the class disk to perform nonparametric

tests; instructions on how to copy the programs onto a

user's A disk; and an example of how to use the program.

B. LINKING TO THE CLASS DISK

To perform the test, a student can link to user number

2266p, read only password 3BRIEN, and use the programs there

to perform nonparametric tests. The steps are:
1. &1g "k 1 th_.e _ilall _ 'k

In CHS, type "CP LINK 2266P 191 192 RR". The

computer will type back ENTER READ ONLY PASSWORD. Enter

"OBRIEN". After receiving back the "R" message, enter ACC

192 B/A.
2. =noa t.kiq ZIr~qms_

An example of the use of Lochinvar and Crunch is

given belcw. Detailed instructions for use are given in

section III and the sections on specific tests.

3. Zjjjt j Q~s Disk

After you are done, type RELEASE 192.

C. COPYING THE PACKAGE

Three files are needed to run nonparametric tests:

"LOCHI MODULE", "CRUNCH TEXT", and "CRUNCH EXEC". The first

two are comilations of the source =ode, contained in "LOCHI

PASCAL" and "CRUNCH FORTRAN". To copy any of these

programs:
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1. Link to the Class Disk

- 2. Copy the File: Type XEDIT <filename> <filetype>. Type

SAVE = = A in the space marked ==> at the bottom of the

screen, then FILE. The file will be on the A disk.

3. Release the Class Disk

- D. AN EXAMPLE OF TEST USE

To fully understand this example, read or review

sections III and XXI of this text. The data set used is

*from Conover [Ref. 1: p.319]; the test used is the Friedman

test . The example shows the program's prompting in capital

letters, and the user's response in lower case, with a <==

to the right.

1.dq Jjhl Data File

a. Preliminary Steps

*! .> .. There are four initial steps to perform before

entering a data file. The first is to activiate Lochinvar,

- then to request not to use a previously entered file, then
to enter the file by data values, and finally to write the

informaticn to data file "lochi a".

lochi <= EEXECUTION 41AINS.. •
DO YOU WANT TO PERFORM A TEST ON A PREVIOUSLY ENTERED DATA SET?
ENTER Y OR N

n <a= (2)

YOU HAVE A CHOICE OF TWO 3ETHODS TO ENTER DATA:
1. ENTER EACH VALUE OF DATA SET. VALUES MUST BE NUMERICAL AND
MEASUREMENT AT LEAST ORDINAL. ALL TESTS MAY BE PERFORMED THIS WAY.
2. ENTER ONLY THE COUNT OF SUCCESSES/FAILURES OR ROW/COLUMN CELL
COUNT. rATA VALUES AND LEVEL OF SEASUREMENT MAY BE NOMINAL BUT
COUNTS MUST BE NON-NEGATIVE INTEGERS. THE FOLLOWING TESTS MAY BE
PERFORMED: BINOMIAL, MCNEMAR, R*C ZONTINGENCY, CHI-SQUARE
GOODNESS OF FIT.

ENTER V FOR VALUE OR C FOR COUNT
v <= (3)

ENTER FILETYPE (A-F) TO WHICH DATA GOES
a <== (4)

b. Enter Information of Label of Data Set

The label needs three types of informaticn: the

data set name, the number of variables, and the variable
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names. For this example, we are using the data of exercize

1, page 309 in Conover, with four variables, named the names

of the seasons:

ENTER NAME OF DATA SET
prob 1,p 309, number of births by hospital <== (1)

ENTER NUMBER OF VARIABLES OR TREATMENTS

ENTEJ NINE OF VAR IABLE NR 1
winter <== (3)

ENTER NAE OF VA1IALE NR 2
spring <= (3b

ENTER NAE OF Vk4IAELE NR 3
summer <= (3c

ENTER NAME O -VAAIABLE NR 4
fall <3* (3d)

c. Enter Data Elements

Next, enter the data when prompted. Enter either inte-

gers or real numbers, i.e., with or without decimal points;
the program will read them as reals. Leave a space (not a

comma) in between numbers. Enter all elements of a variable
on one line if possible; if not, there will be a chance to

add more elements after the "ENTER" key is pressed. There

will also be a chance to check or correct entries. In the

following example, a mistake is made, then corrected, in

entry of variable one. In variable two the data is checked
and found correct; in variable three it is not checked. In
variable four, the first four data elements are listed, the

"ENTER" key is pressed, the last three data elements are

added, and the data checked.

(1) Enter, Check, and Correct the Values of

Variable One:

WHEN ENTERING DATA ELEMENTS <1, SIAHT WITH 0.
ENTER VALUES FOR VARIABLE 1

2 9 98 19 21 58 43 <==
ADD MORE ELEMS TO SAME VARIABLE?
OR CHECK THIS VAR? OR GO TO NEXT?
ENTER A (ADD),C (CHECK)OR G(GO ON)

c <==
NUMBER OF ELEMS ENTERED 7
NUMBER OF ELEMS IN THIS VAR 7

92.000 9.000 98.000 19.000 21.000 58.000 43.000
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(The last entry should have been '42' vice '43',
so re-enter variable:)

WANT TO RE-ENTER THIS VARIABLE?
ENTER Y OR N

V
ENtER VALUES FOR VARIABLE 1

92 9 98 19 21 58 42
ADD MORE ELEMS TO SAME VARIABLE?
OR CHECK THIS VAR? OR GO TO NEXT?
ENTER A(ADD),C(CHECK)OR G(GO ON)C <===
NUMBER OF ELEMS ENTERED 7
NUMBER OF ELEMS IN THIS VAR 7

92.000 9.000 98.000 19.000 21.000 58.000 42.000
WANT TO RE-ENTER THIS VARIABLE?
ENTER Y OR N

-n <==

(2) Enter, Check Values for Second Variable:

EN I VALUES FOR VARIABLE 2

ADD MORE ELEMS TO SAME VARIABLE?
OR CHECK THIS VAR? OR GO TO NEXT?
ENTER A(ADD),C(CHECK)OR G(GO ON)C <=2
NUMBER OF ELEMS ENTERED 14
NUMBER OF ELEMS IN THIS VAR 7

112.000 11.000 109.000 26.000 22.000 71.000 49.000

- (This time, it is right the first time,
so no re-entry:)

WANT TO RE-ENTER THIS VARIABLE?
ENTER Y OR N

n <==

(3) Enter Values for Third Variable:

ENTER VALESgFOR VARIABLE 3
0 1 23 51 44 <=

ADD MORE ELEMS TO SAME VARIABLE?
OR CHECK THIS VAR? OR GO TO NEXT?
ENTER A(ADD),C(CHECK)OR G(GO ON)

g<==

a (4) Enter, Add to, Check Values for FourthVariable:

EN;JRdAJ1E%8FOR VARIABLE 4
ADD MORE ELEMS TO SAME VARIABLE?
oR CHECK THIS VAR? OR GO TO NEXT?
ENTER A(ADD),C(CHECK)OR G(GO ON)

a <=
ENTER VALUES FOR VARIABLE 4

24 62 41 <==
ADD MORE ELEMS TO SAME 7ARIABLZ?
OR CHECK THIS VAR? OR GO TO NEXT?
ENTER A(ADD),C(CHECK)OR G(GO ON)

c <==
NUMBER OF ELEMS ENTERED 29
NUMBER OF ELEMS IN THIS VAR 7

77.000 12.000 81.000 18.000 24.000 62.000 41.000
WANT TO RE-ENTER THIS VARIABLE?
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ENTER Y OR N

(5) Lochinvar of fers a Chance to re-enter the

entire data set

YOU HAVE ENTERED L4 VARIABLES
WITH THE FOLLOWING NUMBER OF ELEME§TS IN EACH

*VAR NR NR OF ELEMENTS
1 7
2 7
3 7
4 7

DO YOU WISH TO RE-ENTER THE ENTIRE DATA?
ENTER Y OR N

n <==

(6) Lochinvar Determines the Variables are of

equal size:

THE VARIABLES/TREATMENTS ARE OF EQUAL SIZE:
PAIRED CCMPARISON -TESTS ARE POSSIBLE

(7) Choice to do a Test with this DA2A

NOW DO A TEST WITH THIS DATA SET?
ENThRYOR N

y

*2. Choja Of 111 T-1 Pal-1-s gatl=_ E112
a. Choice of output Files

The relevant choices are 'U LISTING','9V

LISTING . 1Z LISTING'. Arything :Aat is aleady in the

file will be written over.

WHICH NAME FOR OUTPUT FILEe U-Z?
U =

b. Choice of Test

Lochinvar will offer test according to the number

of variables in the data set and whether the variables are

low, of equal length. Test number 17 is desired; the FriedmanUrather than the Durbin is chosen.

PICK AMONG THE FOLLOWING NON-PARAMETRIC TESTS:
1. BINOMIAL

2.SANTILE
3. O-STARTTEST FOR TREN.D <2 VARS,PAIR>

1.a NONTNAETRCY TONOTE (CEGQUREO <PAIR>
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-.- 13. MEDIAN
14. KRUSKAL/WALLIS

.- '. 15. SQUARED RANK TEST FOR EQUAL VARIANCE
16.H ARTLEY TEST FOR EQUAL VARIANCE
17.FREIDMAN OR DURBIN <BLOCKED>
18. QUADE <BLOCKED>

4. 19. COCHRAN <BLOCKED>
20.KOLMOGOROV(ONE SAMPLE:PARAMETERS SPECIFIED
21.LILLIEFORS (ONE SAMPLE;NORMAL OR EXPONENTIAL)
22.WILKES-SHAPIRO TEST FOR NORMALITY
23.SMIRNOV (2-SAMPLE)
24.CRAMER-VON MISES (2-SAMPLE)
DO YOU WANT TO SEE THE LIST AGAIN?
ENTER Y OR N
n <==

ENTER THE NUMBER OF A TEST LISTED ABOVE
17 <==

THIS WILL ALLOW THE FRIEDMAN OR THE DURBIN TEST
<DURBIN IS INCOMPETE BLOCK DESIGN: NEEDS FILLER>

DO YOU WANT TO PERFORM THE FRIEDMAN TEST?
ENTER Y OR N

y <==

c. Choice of Test Parameters

For this example, only the first, second and

fourth variables are used in the test, and the third block

of the data set (i.e., the third element of each variable)

is excluded from the test. The final test parameter entered

.:>&.- is the level of significance.

(1) Variables Included in Test

WHEN ENTERING PARAMETERS <1 START WITH 0.
DO YOU WANT ALL 4 INCLUDED IN TEST
ENTER Y OR N

n <==
HOW MANY VARIABLES ARE INCLUDED IN TEST?

3 <2=
ENTER INDICES OF VARIABLES TO BE IN TEST
ENTER INDEX OF INCLUDED VARIABLE 1

1 <==
ENTER INDEX OF INCLUDED VARIABLE 2

2 <==
ENTER INDEX OF INCLUDED VARIABLE 3

(2) Exclude Third Block

DO YOU WISH TO EXCLUDE ANY BLOCKS FROM TEST
ENTER Y OR N

HO MANY BLOCKS DO YOU WISH TO EXCLUDE?
UP TO 7 BLOCKS

1 <-U

IN ASCENDING ORDER, ENTER t.DICES, 1 - 7
ENTER INDEX FOR EXCLUDED BLOCK NR 1

3 <==

(3) Specify Level of Significance

ENTER LEVEL OF SIGNIFICANCE, ALPHA
ENTER NUMBER>O, IF <, STARA WITH 3.

. . 0.05
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-- 3. 1, t ~ i_.h Pr2 iam .-.unch

' "In CES, type CRUNCH

Crunch will ccuput the test statistic,then display:

THE RESULTS ARE LISTED IN FILE
U LISTING

To check the results, type XEDIT U LISTING

1.

a- '
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.'-. APPENDIX B
""" THE PROGRAr LOCHINVAR

.4

* A. Purpose

This appendix is intended to assist in modifying the

program Lochinvar, or in implementing it on a computer

system other than the IB8I-3033 at the Naval Postgraduate

School. The last part of this appendix, general description

of program operation, may be of interest to a user who is

experienced in the use of Lcchinvar.

Section III of the text describes the general use of the

-! program, while Sections V through XXVIII give specific

instructions on responding to Lochinvar's promptings for the

various tests. Appendices C and D explain in detail

Lochinvar's two output files, the data file and the options

file, respectively.

The source code is contained in Appendix H.

B. DESCRIPTION OF PROGRAM CHARACTERISTICS

Lochinvar was originally written and tested in

Waterloo Pascal; it is presently in a form compatible with

the IBN virtual system Pascal compiler, PASCALVS. The

program's syntax is consistent with the Pascal described by

Zaks [Ref. 3].
2. 1221t 1and Oau El F_.e

In Lochinvar, input or output files are referred to

by one of nine text definitions. "Qin" refers to terminal
input; "gout" refers to terminal iput; "op" refers to the
options file, "lochi op". Text "a" through "f" refer to

data files "llochi a" through °,lochi f,,; :hese data files are

used both as input and output.
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Prior to using a file for output, Lochinvar must

open that file by the '$rewrite" command. For the data

files, this occurs in the procedure New_data; for zhe

options file, it occurs in the procedure File io. All seven

of those files are explicitly dafined as fixed format,

logical record length 80. The form of the rewrite command,

here illustrated for "lochi a", is:

REWEITE(A,'NAME = LJCHI.A.A,RECFM=F,LRECL=80')

The terminal output is opaeed in the main program,

using the command "TERMOUT(QOUT)".

Prior to reading a file as input, Lochinvar must
open that file for reading with the "reset" command. For

the data files, this occurs in the procedure Check file.

The terminal input file must be reset prior to each time

data is entered from the keyboard. Rather than having reset

commands scattered throughout the program, the procedure Rst

is invoked. Rst resets the terminal for input with the

command "TERMIN(QIN) ".

At the beginning of Lochinvar are six constants.

Tot-data defines the total number of data elements contained

in the data set; it is currently sat at 400. Tot-vars is

the maximum number of variables in a data set plus one; it

is currently set at 16 (for 15 variables). L-names is the

length of variable or data set names; it is currently set at

50. L_r_par, L_i_par, and L-e-b are the number of real

parameters, the number of integer parameters, and number of

excluded blocks, respectively; each is currently set at 50.

Changing the setting of any one of those numbers
will change all subsequent dimensioning within the program.

It is not recommended that L-names be increased beyond 80,

since this would place names on more than one line (card

image) of the data or options file.
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Zyp j aA !lpiabl2 2elr in
S - Below the constant declarations, the type declations

define arrays, sets and types. Below that are variable

declarations. All parameters are defined globally.

Below the variable declarations, a comment section

gives brief descriptions of each variable, set or array

passed as a parameter.
6. D escrialio of _roedues ad Functins

Each subprogram element contains a brief comment

section describing its purpose.
-it

C. DESCRIPTION OF PHOGRAS OPERATION

The main program offers the user three choices: use a

previously enter data set to perform a test, enter a new

data set, or enter cell counts. Sea Section III of the text
for a complete explanation of these choices. Depending on
the user's choice, the main program will call one of three

master subprograms tc prompt the user through the data and

parameter entries:

1. _ew Da_
The master subprogram New_Data prompts entry of a

new data set and offers the user the chance to perform a

test with the newly entered data. Steps in this process:

a. Data Set File Type
Newdata asks the filetype for the data, "a"

through 'If"

b. Names and Number of Variables

New-data calls Namer, which asks the data set

name, the number of variables, and the variable names.
c. Data Element Values

If there are two variables, New data offers the

choice of entering data pair by pair. tf the user chooses to

°. 1"41
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do this, New-data calls E pairs. 3therwise, the prccedure

EBbyvar Frompts entry of data variable by variable.

d. Writing of Data File

New-data writes the data set file.

e. Test Choice

New data asks if a test should be performed with

this data. If yes, File_io and Which test are called; these

procedures are described in the next paragraph.
2. 21 data

If the user indicates that a previously entered data

set is to be used, the procedure Old-data is called. It

performs the following:
a. Data File Choice

Old data asks the user's choice of file type of

old data, "lochi a" through "lochi f". Old-data calls

Chech_file, which read and displays the name of the indi-

cated data set. If it is the correct data set, it also

reads the number of variables and number of elements per

variable.

b. Output File Choice

The procedure File io asks to which output file

the test results should be sent. It writes the number of

the data set file (NIP) and the number of the test results

file (NO) to line one of the options file.
c. Test Selection and Parameter Choice

Old-data calls the procedure Whichtest. This

procedure offers some or all of the nonparametric tests,
depending on the number of variables in the data set and

whether tke number of elements per variable are equal. Once

the choice is made, Whichtest writes that choice to line 2

of the options file, along with wd.ther the test involves

cell counts. Which-test then calls the procedure for the

chosen test.

%.
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d. Test Variable and Parameter Selection

Each test procedure is somewhat different,

however, there are common points. If the test involves
cells, the test procedure prompts cell related parameters,

then calls WVcells to write those parameters to line 3 of
the options file (see Appendix D for details of that file).
If the data set contains more variables than the minimum

needed for the test, Whichvec will prompt the user to enter

which variables are included in the test. If the test
involves paired or blocked data, the procedure Exclud b

offers the user the chance to exclude pairs or blocks from
the test; in other cases, None ex writes a "0"° to line 5 of
the options file. The test procedure then prompts entry of

various integer and real parameters, and calls the procedure
Vparam to write those parameters to lines 6 and 7 of the

I options file.

3. jjlt
If the user specified to enter cell counts, the

procedure Cel test is called by the main program. It calls

File io to write the NI? and NOF to the data file. it calls
Namer to get the data set and variable names. The choice
test dictates which procedure prompts the cell count entry.
Celtest writes the data set name aad variable names to line

8 of the options file.

14
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.*°APPENDIX C

THE DATA FILE

A. PURPOSE

This appendix explains the structure of the data files,

which contain the data set and variable names, the number of

variables and number of elements per variable, and the data

elements of the variables. This will aid the user in under-

standing the computer package. More importantly, it will

allow the user to test data generated by another program, or

read from cards or tape, without having to load the data

into Lochinvar by hand.

B. METHOD OF WRITING DATA FILES
1-g. ml 2_fDaaX., &s

All names are written in character fields of length

48, from the first to the forty-eighth position on a line.
All integers are written in a 1615 format, i.e., with the

least significant digit of the integer on position

5,10,...,80. All data elements are read as real numbers;

they are written to be read in an 8F10.3 format. This means

that there are eight fields for real numbers per line,

1-10,11-20,...,71-80, and the real numbers have three digits

to the right of the decimal point, e.g., 789.123. Lochinvar

includes a decimal pcint in all real numbers; if this is not

possible, the least significant digit of an entry (the 0.001
digit) must be right justified in the field, i.e., aligned

on column 10,20,...,80.
If the user has a lata set whose data elements are

all integers, there is a way to have the data file written
without converting all the integers to real numbers. The

least significant digit of the integers can be aligned on

%*144
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Scolumns 7,17.. 77 and the program Crunch will read t1-hm

as real numbers with the same value as original integer

data.

If the data elements of the data set are either all

very large or all very small, they may not fit into the

P10.3 format. A quick fix to that problem is to rescale the

values, e.g., multiply very-small numbers by 1000, or divide

large numbers by that amount. Ths validity of the statis-

tics will not be effected by that transformation.

If there are both very large and very small numbers

in the data set, there will be numerical errors in single

precision Fortran for any tests which use an interval level

of measurement. For tests which use ordinal or nominal

level of measurement, any monotonic transformation, such as

yuln x, could be used to allow both very large and very

small data values to fit into the F10.3 format.

2. ocut 2f the f L File
a. Data Set Name

The data set name occupies the first line of the

data file. rhe name is from 1 to 48 characters long. On

the same line as the name, in the forty-ninth position,

there is the character "I", which on IBM keyboards is the

upper case 01". For example, a data set file name:

This is a data set name

b. Number of Variables and Elements per Variable

On the line following the data set name, there is

a line of integers. The first integer is the number of

variables in the data set. The second integer is the number

of elements in the first variable; the third integer is the

number of elements in the second variable, and so on. There

must be non-zero integers in the first two positions.

Lochinvar writes zero where there are no values, but -hat is

not necessary. As mentioned above, integers are right

justified on position 5,10,...,80.
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Let the data set consist of two variables. The

first variable has two data elements, the second has four.

the first two lines would appear as:

This is a data set name
2 2 4 0 0 0 0 0...

c. Data elements

The data elements are listed variable by variable,

i.e., all the elements of the first variable are listed,

then all of the second, et cetera. As mentioned above, the

data elements are read as real numbers in the F10.3 format.

Let the elements of the first variable be 27.5 and

31; let the elements of the second variable be 13, 17, 25

and 35. The first three lines of the data file would appear

as:

This is a data set name I
2 2 4 0 0 0 0 0 0 0 0...
27.500 31.000 13.000 17.000 25.000 35.000

The zeros to the right of the decimal point are

written by Lochinvar but are not necessary. The number

could have been written without decimal points, with proper

alignment, as shown below. However, when numbers are

written with decimal points, a mistake in alignment is no

problem; without decimal points, alignment is crucial.

Using only alignment for data elements:

This is a data set name I2 2 4 0 0 0 3 0 0 0 0...
275 31 13 17 25 35

d. Variable names

The variable names begin on the line directly

following the last data element line. Each variable name

occupies a line; there must be the same number of lines for

variable names as there are number of variables indicated in

line two.
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S. ] .Let freshman be the name of the first variable and

senior be the name of the second.

This is a data set name
2 2 (1 0 0 0 0 0 0 0 0...
27.500 31.000 13.000 17.030 25.000 35.000

frefhman
sen or

C. LCCATION ON THE USERIS A DISK

1. Dealt &oa t11n

As mentioned repeatedly throughout the text, by default

the data files are named "lochi a"..."lochi f". Lochinvar

writes files to those six locations; Lochinvar will not be

easily modified unless the user is experience in programming

Pascal.

2. oadoq fZlus =2! o:h1 tha Default Locations
The program Crunch reads "lochi a",...,"lochi f" based

on the file lefinitions in the file "CRUNCH EXEC" and the

number of input file (NIP) of the options file. "CRUNCH

EXEC" is explained in Appendix E, whi'le the input fil . is

explained in Appendix D. To have Crunch read from a prop-

erly written data file named anything other than "lochi

a"....,"lochi f", the user will have to do the following:

a. Write an options file for the data (see section

III and Appendix D) either manually (not recommended), or

else using Lochinvar, specifying a data set with the same

general claracteristics as the test data set. For example,

if the test data set is named QUEUE DATA, with four vari-

ables of equal length, tell Lochinvar to run the desired

test on data set "lochi a", given that "lochi a" has four

variables of equal lenghth

b. Since the number of input file written in the

options file is "1", corresponding to the default location

"lochi a", change the file definition in the file "CRUNCH
EXEC". The origin file "CRUNCH EXEC",
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* .:.,.". &TRACE
&ERROR EXIT 99
FILEDEF 01 DISK LOCHI A

LOAD CRUNCH (START

beccmes,

&TR ACE
$ERROR SEXIT 99
FILEDEF 01 DISK QUEUE DATA

LOAD CRUNCH (START

c. Alternate Method

It would be easier, in the example above, to
rename the current file "lochi a" to some other name, and

rename "QUEUE DATA" to "Ilochi a".
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• " APPENDIX D

THE OPTIONS FILE

A. PURPOSE

This appendix describes the options file. The twenty

nonparametric tests which require ordinal or interval data

level of measurement all have options files with similar

format. The four tests which can handle nominal data have

slightly idiocyncratic formats, which contain all the infor-

mation of other test plus something additional.

This appendix is included for completeness of documenta-

tion of this text. It is not recommended that a user

by-pass Lochinvar to write the options file by hand. If the

computer package is implemented on in operating system which
cannot run Pascal, though, that may be necessary.

S B. GENERAL INFORMATICN ABOUT THE OPTIONS PILE

1. Name
Lochinvar writes the options file to 'lochi op" on the

user's A disk.
2. ien__ejal Forat Ruls

As in the data file, all integers are written in the

format 1615, all real numbers are written as SF10.3, all

names are in 48 character lines. See Appendix C, paragraph

B. , for all the different ways to have real numbers repre-

sented fcr the program Crunch to read.

3. E. _pltain of the Options File Format

a. List of Line Numbers

There are 14 line numbers: 1, 2, 3, 3a, 4, 4a, 5,
5a, 6, 6a, 7, 7a, 8, 8a.
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.- .. b. Line Numbers in the Option File

. Each of the 14 line numbers occupies at least cne

line (or card image) in the options file, unless that line

is omitted. There is not a blank card for omitted line

numbers; rather, the previous line is followed by the next.

For example, if line numbers 3 and 3a are ommited, line 4

immediately follcws line 2.

The lines with "a" in their number may occupy more

than one line (or card image) in an actual file, because

they may contain more information than would fit on a single

80 column card.

c. Rules for Inclusion of Lines in Options File

Lines 1 and 2 are included in every options file.

Lines 3 and 3a are omitted unless the test is one

of the four which handle nominal data.

Lin es 4 and 4a will be included in every test

except when the user has entered zll counts (in one of the

* " four tests which use nominal data) . Line 4 is a single

positive integer value which tells how many values to read
in line 4a.

Lize 5 equals "0" and line 5a is omitted unless

the user has excluded blocks of the data set from being

tested. In that case, line 5 indicates the number of

elements to be read in line 5a.

Limes 6 and 7 are included in every test, and

will contain single integer values. If a value of "0" is in

one of those lines, then the corresponding "a" line will be
omitted. For example, if line 6 has a "0", then line 6a
will be omitted. If the single value in lines 4, 5, 6, and

7 is nct "0", it must be a positive integer, representing

the number of elements to be read in the corresponding "a"

lime. For example, if the single value in line 5 is "3",

there will be three elements to read ia line 5a.
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. The "a" lines may occupy as many actual lines i.

i the data file to contain all the values to be read.

Lines 8 and 8a are used only when the user has

entered cell counts for a test involving nominal data.

d. Content of the Lines

(1) Line 1: the number of input file (NIF), and

number of output file (NOF) , both integers

(2) Line 2: the number of the requested test

(NTEST) , and whether the test involves cell counts (CELLS)

both integers, CELLS=1 if the test is one of the fcur which

can use nominal data.

(3) Line 3: the cell counter option (TYPCEL) , the

number of rows in the cell matrix (NROW), the number of

columns in that matrix (NCOL), and tha number of elements in

line 3a (NTORD) , all positive integers. Depending on the

TYPCEL option, line 3a will contain either integers or

reals.

(14) Line 4: the number of treatments to be

included in this test (NTREAT), a positive integer. Line 4a

contains the indices of the variables of the data file which

are included in the data set to be tested.

(5) Line 5: the number of blocks excluded from the

test (NEXB). Line 5a contains the indices of excluded

blocks.

(6) Line 6: the number of integer parameters, a

non-negative integer. If line 6 is greater than zero, line

6a contains the integer parameters for the test.

(7) Line 7: the number of real parameters, a non-

negative integer. If line 7 is greater than zero, line 7a

contains the real parameters for the test.

(8) Line 8: data set name. Line 8a contains the

names of data set variables.
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l ,-C. EXAMPLE OF OPTIONS FILE FOR ORDINAL OR INTERVAL TEST

Table 5 contains a representative data file, with the

line numbers of the options file for the twenty tests which

require ordinal or interval data. This example is for the

test to perform the problem contained in Appendix A, i.e.,

problem 1, page 309 of Conover [raf 1]. In this example,

three of four variables were used, and one block excluded.

Line number are enclosed by < >. Comments are enclosed by

(-*) ; the comments refer to the names of variables, as

mentioned in the previous section.

TABLE 5

0 ptions I
<1> 1 11 ,TET=7EL-0)}
<2> 17 1 *NIF=1,NOF= 11*)
<2> 17 0 *NTEST =1 7,CELLs=0*)<4> 3 (*NTREAT-3*)
<4a> 1 2 (*indices of treatments*)

<Sa> 3 of the block excluded*)
<6> 0 *number of integer parameters=O*)
<7> 1 *number of real arameters-l*)
<7a> 0.95 (*real parameter= 95*)
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APPENDIX E

THE PROGRAM CRUNCH

A. PURPOSE

This appendix is intended to assist implementing

Crunch cn systems cther than the IBM-3033 at the Naval

Postgraduate School. It will also assist in modifying the

program, or adapting portions of it for use in other
% Iprograms.

B. DESCRIPTION OF THE PROGRAM STRUCTURE

S1. isA_..l
While Lochinvar is designed to be used only as an

integral unit, Crunch is separable. Therefore, many things

*" which are -centralized in the main program of Lochinvar--such

as dimensioning and variable declaration--are done in each

subroutine of Crunch. Explanations and documentation are
also at the subprogram level.

2. §1b r g .,... _

Crunch can be thought of as a system of five groups,

each made up of several subroutines and functions.

a. Main Program

The main program, together with the subroutines

Fname and Vname, form one group; they read the data set and

variable names, call the correct data formation group, then

call the correct test subroutine, and remind the user which

file contains the output.

b. Data Formation Group for Cell Counts

If the test involves cell count (Binomial,

Quantile, McNemar, Test for Independence, Cochran), the data

formation group Caller is called by the main program. Celler

and the subroutines it calls produce the cell counts used as

-153.* , .. -
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the raw material for calculations in the test subroutine.

-> Those cell counts are contained in the vector RCCT, which 'is

dimensioned by the number of rows NROW and -he number of

columns NCOL.

c. Data Formation Group for Data Values

F~r all other +ests, the master reader group is

called. Mstrdr and its subroutines read the specified data

file and the options file. They produce a list of the data

elements which are relevant for the .test, i.e., Mstrdr

includes only the data set variables indicated, and excludes

any blocks or pairs specified. These data values are

contained in the vector LIST. LIST is dimensioned by the

pointer vector LPTR. LPTR(1) is always 1. LPTR(i) is the

• index of the first element of the ith variable in LIST.
With k variables, LPTR(k+1) is one more than the last

element of LIST. For example, if LIST contains three vari-

ables, with two, four and seven elements each, LPTR will

have four elements, (1, 3,7 14). In dereferencing variable

values, the ith variable will have elements LIST(LPTR(i))
through LIST(LPTR(i 1)-1). NTREAT is the number of vari-

ables included in the test.
d. Utility Subroutines and Functions

Many subroutines are called by more than one test

subroutine. These versatile subroutines are grouped

together.

e. Test Subroutine Groups

Each of the 24 tests has a principle subroutine

called by the main program. In general, these subroutines

perform the bulk of the computations for the test statistic

or level of significance. However, some of the computation

is done by calling other subroutines. Subroutines which are

called only by one test are listed contiguous to that test's

subroutine. Subroutines which are called by more than one

test are listed in the utility subroutine group.
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The test subroutines make use of either LIST or

RCCT in their computations.

3. Ian_ q
Crunch is written to be compatible with the IBM

Fortran H compiler. Only the most rudimentary syntax was

used. The only loop statements are the do for loops of the

form,
DO 10 I=LL,UL

where 10 is a line label for a continue statement, LL is the

lower limit and UL is the upper limit of the loop. All

other locps or branching is done with if statements. This
.5

very primitive, unstructured Fortran should be compatible

with virtually any computer system.
4-~~~ j8=j~jFles
The IBM file definitions are contained in the file

"CRUNCH EXEC". All files except 08 (terminal) are implic-

itly fixed format, logical recora length 80. Files 01

through 05 refer to "lochi all through "lochi e"; file 06 is

"problem data"; file 07 is "lochi f"; file 10 is "lochi op";

files 11 through 16 are "u listing" through "z listing".

The number of input file (NIF) and number of output

file (MOF) are listed in line one of the options file, and

read by Crunch's main program. Files 01....,05,07, and 10

are candidates for NIP; files 11,...,16 are candidates for

NO?. File 08 is used only to remind the user of which output

file contains the test result. File 06 contains system
error messages, while file 09 contains intermediate computa-

tions of Crunch.

The main program reads lines oae and two of the
options file. Either Celler or fstrdr read most of the rest
of the data and options file. Fname reads the data set name
and writes it to the output file; Vname does the same for

the variable names.
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The test subroutines write all of the test rsu'ts

files "u listing" through "z lis ting", except the data set

and variable names.

5. DRmnsjns and Decl. tio ns

At the beginning of the main program, and of each

subroutine, the variables used are declared and the arrays

dimensioned. All declarations and dimensioning is explicit.

Although arrays could be dimensioned by variables in subrou-

tines, this is not done. For example, with TOTELM as the

integer representing the total data elements of the test,

LIST could be dimensioned in a test subroutine as

LIST(TOTELM) vice LIST(400). r hls was not done; as

explained above, Crunch is intended to be separable. To

change the capacity of the program, a global change command

may be issued, if the installation has a good text editor.

Otherwise, the dimensions must be changed one by one.

There are a very few arrays which consume inordinate
amounts of storage fcr what information they provide. They

have the dimension of 20,000; that dimension allows storage

of a comparison of each of 400 data elements with each other

data element. On the IBM-3033, these large arrays require

the user to request 1 megabyte of storage. On smaller

systems, these arrays may be redimensioned down to exactly

the size necessary (if k=the number of elements, k(k-1)/2).

An alternative is to eliminate them altogether, and take out

test procedures which use them.

6. Deli. bles

At the beginning of the program, there is a brief

description of all variables and arrays which are used or

passed by the main program. After the subprogram title

line, a similar list defines the variables ,ised exclusively

among subroutines of that subprogram.

156

!.



Above the variable declarations in each test subrou-

-" tine, there is a description of each of the integer and :ea!

parameters used in that test.

C. EXTERNAL SUPPORT

The non-INSL subroutine Shsort is essential to the oper-

ation of the program Crunch. I:s d.cumentation is available

to any user at the Naval Postgraduate School. Any system

sort routine can be used to support Crunch, which is

currently ccnfigured to pass a real vector of values to be

sorted, an integer vector (1,...,n t to receive the order of

the original data values, and the aumber of elements n.

The non-IMSL Utest was used for the Mann-Whitney test.

Its value is that it not only computes the t-est statistic,

but also the level of significance. modifications to

Crunch could easily allow computation of the test statistic.
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APPENDIX F

FORTRAN SOURCE CODE: CRUNCH

C
C THIS PROGRAM TAKES DATA FROM TEST A-F FILE# INFORMATION
C FRCM TEST OP FILE TC PERFCRM NON-PARAMETRIC TESTS

| SUBPROGRAM GRCUPS
C
C MAIN CONTAINS THE MAIN PROGRAMt FNAME, VNAME REMIND
C READS TOP 2 LINES OF OPTIONS FILE, WRITES THE
C- TCF OF OUTPUT FILE, CALLS CELLER CR MSTRDR
C TEST SLBROUTINE; REMINDS WHICH IS CUTPUT FILE
C CELLER CONTAINS CELLERtCOCHtTC3TC3LNtIC)TTC4TC4L.'49
C PAIRSTMCOUNTo FINDS THE CELL CCUNTS FCR FIVE
C NP TESTS: BIMOMIALQUANTILE MCNE, ARCOCHARAN,
C ANC RC CO TNTJGENCY. CELL CI5UNTS TO RCCT;
C DIMENSIONED BY NROW AND NCOL
C MSTRCR CONTAINS MSTRDRSUBLISTtNULISTt
C READS THE DATA FILE NUMBER OF VAIABLES, f
C ELEMENTS/VARIABLE, DATA ELEMENTS. INCLUDES
C VAR'S CF TEST INTO LIST, EXCLUDED PAIRS OR
C BLCCKS AS REQ. YIELDS LIST(DATA ELMS) ,
C LPTR(PCINTER FOR LIST), NTREAT(# OF VAR IN
C TEST) TOTELM (0 ELMS IN LISTJ
C UTILITY CONTAINS GENERAL SUPPORT SUBROUTINES/FUNCTIONS
C SUBPOUT INES: EXPFFINDSFINDTMUVAPtNORMFNORM V,
C PARCOt4,RANCUE ,RHOER RNQvR PARAM
C TESTS CONTA INS THE 24 NONPARAMETRIC TESTS: USE EITHER
C EIThER LIST OR RCCT; COMPUTE TEST STATISTICS
C OR LEVEL OF SlGNIFICANCE; WRITES TC OUTPUT
C FILE
C THE CRCER IN THE PROGRAM IS THE SAME AS THE
C NUMBER OF THE TEST, NTEST
C VARS
C NIF NUMBER 1-6 INDICATING o-IL6 TEST A-P- FCR DATA
C IHOLD INT VECTOR(16) GENERAL PURPOSE HCLDER
C NVARS INT NLMBER OF VARS OR TREATMENT IN DATA SET
C NTREAT IT NLMBER OF VAR/TREATS TEST ACTUALLY USES
C TREAT INT VECTOR(16) INDICES OF TREATS GR VARS

ACTUALLY USED
NELMS INT VECTOR(16) # ELEMENTS OF DATA IN EACH

C VAR/TREAT; IF SOME BLOCKS EXCLUDED,
.rIUMBER REDUCED

TOTELM INT TCTAL # OF DATA ELEMENTS IN DATA SET;
C IF SOME BLOCKS EXCLUDED. NUMBER REDUCED
C NTEST INT INDEX OF NON-PARAMETRIC TEST TO BE USED
C EXB INT VECTOR(2001 INDICES OF BLOCKS TO BE
C EXCLUDED*MAY BE EMPTY
C NEXB IKT NLMBER OA ELEMENTS OF EXB
C IP INT VECTOR(501 INTEGER PARAMETERSIP1 INTEGER WAR FOR CELLER:* MAYBE NRCW OR SOME

CTHER VALUE DEPENDING ON TYPE OF CELL

C CEFINITICN (SEE TYPCEL,
C NIP INT NLMBER OF ELEMENTS IN IP
C RP REAL VECTOR( 10) REAL PARAMETERS
C NRP INT NLMBER OF ELEMENTS IN RP
C NIF INPUT FILE INDEX
C IOF CLTPUI FILE INDEX

LIST REAL VECTCR(400 DATA ELEMENTS
LPTR INT VECTOR(171 POINTS TO THE FIRST ELEMENT

C OF EACH VAR OR TREATMENT'S DATA IN LIST;
C THE LAST ELEMENT OF LPTR-TCTELM0+
C RNVARS REDUCED NUMBER OF VARIABLES
C RNELMS VECTOF OF REDUCED # CF ELEMENTS PER VARIABLE

® C OICOP m-1 IF DICOTOMIZE BY PARTITION, ELSExhUMBER
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C CF VALUES OF SMALLER SUBSET CF DATA,
DIA RA C IF DATA NOT DICOTOMIZED

C DIA ELFARTITICN VALUE OR LIST CF SUBSET VALJES
C NSUC C IF DICOTOMIZED DATA, HOW MANY OF CNE SUBSET
C CELL S INT =I IF TEST USES CELL COUNTS, ELSE =0
C TYPC EL INTEGER METHCO OF DEFINING CELLS:
C 1-DICOT PARTITION,
C 2-DICOT LIST 3-R*C PARTITION,

C Ai-FIXED ROW/lL
C COUNT, 5-ENUMERATED CELL COUNT

C RCCT RCWCCL CELL COUNTi BY RCWS (RE FIRST VAR),C EeGetALLCOLS ,OF ROW 1,9 THEN ALL COLS OF ROWE
C RONR V CTO~ OF ROWS TO WI CH 1ST VAR ELEMS 13ELONG
C COLNR VECTOF OF COLS TO WHICH 20 VAR ELEI4S EELONG
C RORC INTEGER LGGICAL 1-ROW O=COL
C NTORD INTEGER # OF VALUES TO READ (W/I CELLER)
C CIV INTEGER VECTOR CELL INPUT VALUES
C CRP REAL VECTOR CELL INPUT VALUES
C TIEV INTEGER VECTOR OF TIES:TIEV(1h.LEqTIEV(2).GT;
C BOIH WITHIN EPSILN OF PARTITICN VALUE

INTEGER NIFNFILEIHOLD(161 tNVARS9TOTEL4,NTESTt
*NTREATIP(50),NRPLPTR(17J NELMS(16)tRNELI4S(16),

.f. *DICOP NSUCCpCELLSipNOF9CIV( 0) ,NTCRD~iRCKCtROWNki5Oh,
-* *RCCT(i0J 1YfPCE' TIEV(2),EXB(200),TREAT(16),RNVARS,
4. *REDELMC LNR(!O~

REAL RP(5C),LIST(400),DIVAL(200) ,CRP(50)
101 FORM ATI 16151
102 FORIAT(F13
201 FORMAT( IX 9161 f
202 FOR A1l~ 8Fl C*3)O

* READ(l0,1Ol) NTEIT,CELLS
WRIT E(9,9201) IF INOF vNTEST

~ T YPC E Lz 0
IF (CELLS*EQoll CALL CELLER(NIFNOF9NTESTANROWtCL
* RCCTLISTLPTRNVARStNTREATtNELtRPI' 9
*TREAT 97 EV iTYPCEL)I

IF (EL (* CALL MSTRDR(NVARSNEL4S LS
~IF(TYCELoNE 62) .AND.( TYPCEL.NE .72))

CALVhAME (NIFNOFNVARS9 NTREAT9 TREAT J
IF(NTEST.EQel) CALL BINTST

* (NOFRCCTRPIPALPHATCILLCIUL)
IF'c Cwo. ALL QUANTL(NCFdC R~ ItL~-T

IF(NTESTEQ3 CALL COXSTU(LISTLPTRIP, RPNOFNT'EST)
IF(NTECo4J CALL IOANWHT(LPTR9 LIST qtOF, RP)

dIF(NTEST*EQo.5) CALL SGNT(LI STLP TReNOFTOTELM ,RP IPt
*NTEST)
IF(NTEST*E~o6J CALL ICNEMR(RCCT9RPIPtNOF)
IF(NTESToEQo7 I CALL RCONT(RCCTNROWNLOLNOF)
IF(NTEST*EQe8 I CALL GOF IT(L IST L PTRIPRP NOF)
IF(NTESToE(Q.9) CALL WILCOX(LISTLPTRI pRP,NOFI
IF(NTEST.E'.1Cl CALL CORREL

*IF(N TEST *EQ 1I)MALL REGRET( LISTt LPTR tI tRPvTREAT9NOFl
IF(NTEST*EC*12)CALL MCNOFE(LIST LPTR I)' RPTREAT NOF)
IF(NTEST EQ.1--)CALL IEDIAiNTREAftLISfLP'TRtNIFvI tNOF)
IF(NTEST.E .1'e)CALL KRUWAL

* (LISTLPTR,IPRPNOFNTREAT,TRE-ATJ
IF(NTEST* EQe 1 CALL SQUARK

*(LI ST, LPTR, NTREAT tTREAT , IP,9RFNOF)
IF(NTEST*EC.1~ICALL HARTLE

*(LI STLPTRNTREATtTREATiPvRPNOFl
IF(NTEST*EQ*17)CALL FRIEDM

* (NTREATLPTRLISTIPtRPNU~FTOTELM)
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. .IF (NTESTEQ1 E )CALL jLADE
. .(NTREATLP TR, L I ST, NCF, TCTELA)
IF(NTEST.EQ.15)CALL CCCHRNtNROW, NC0L ,RCCT, P IiP, N0F II(NTEST°Ei .ZC)CALL KOLMOG(LIST, LPTR,TREA, IPtP,NGh)

IF(NTEST.EQ.2I)CALL LILIEFtLIST,LPTRtTREATtIP,RP, NJF )
IF(NTEST.E .221CALL WiLKSH(LIST, LPTRTREAT,IPPEJF I
IF(NTEST°E °2 -)CALL SMIRN2(LISTLPTR,7REA, IP,RPNOF)
IF(NTEST.E C.24)CALL CRVONM(LIST, LPTRTREAT, IPRP, 1OF)
CALL REMINO(NCF)
STOP
END

SUBROUTINE REPIND(NOF)
INTEGER NCF
hRITE(8,ICll

J 1 0 101 FORMAT(1Xv' Tt-E RESULTS ARE LISTED IN FILE')
IF (NOF.ECo1lJ WRITE(8,11)

11 FORMAT(1 X,' U LISTING")
IF (NOF.EC.12 WRITE(8,12)

12 FORMAT(]X, ' V LISTING#)
IF (NOF.EC.13) WRITE(8,13

13 FORMAT(lXI W LISTING')
IF (NOFoE.141 WRITE 18,14)

14 FORMAT(X." X LISTING')
IF (NOF.EQ.15) WRITE(8,15)

15 FORMAT( 1X, ' Y LISTING')
IF (NOF.EC.16) WRITE(8,6)

16 FORMAT(lX,' Z LISTING')
RETURN
END

SUBROUTINE VNAME(NIFNOFNVARS,NTREATTREAT)
C THIS READS EACH VARIABLE NAME, AND IF THE VARIABLE
C IS IN THE TEST, WRITE THE NAME INTO THE OUTPUT FILE

d " INTEGER NIFNCFNTREATTREAT(16) ,NVARSIJ
Jul

• IF (NVARS.EQ.oNTREAT) WRITE(NCF,4021 NVARS
402 FORMAT(IX, 'ALL', 1 1 ADS

* VARIABLESCFOAA SET USED IN THIS TEST')
• ":" IF (NVARS.NE.NTREAT) wRITE(NCFi403) NVARSNTREAT

403 FORMAT(LXt'OF',15, VARIABLES IN DATA SET,'/,X,15,
.* LSED IN THIS TEST@)
DO 10 I=1,NVAIS
READ (NIF.20C)
IF (I.NE.TREIT(JI GC TO 10WR ITE(NCF,4 C.1 TREAT(J )

401 FOPMAT(1X, THE NAME OF VARIABLE/TREATMENT *',I4)in J+l
WRITE| NCF,2CO|

10 CONTINUE
200 FORMAT (]X,• 50HAAAABBE8CCCCDDCDE EEEFFFFGGGGOOOOI I IJ JJJKKI(KLLLLM

99 CONTINUE
RETURN
END

SUBROUTINE FNAME (RORW,IF,OF)
C THIS READS TE FILE NAME FROM FILE "IF" IF RORW IS 1,
C AND WRITES THE FILENAME TO OF IF RORW IS

INTEGER RCRWIFOF
IF (RCRW.GTI GO TO 10

READ( IFOC)
GC TO S2C

10 hRITE (CF i221
122 FORM AT (1 Xi 'NAME OF DATA SET:')

%RITE (OF,200)
200 FORMAT (l.,
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* 48HAAAABEBBCCCCDDDOEEEEFFFFGGGGOOOOI III J JJJKIKKLLLL
99 CONTINUE

. -iRETU RN
END

SUBROUTINE CELLER(NIF,NOFtNTESTNROWNCOLiiCCT,
*LISTLPTRNVAFS, NTREATNELMSRP, IP, TREATt1IEV,TYPCEL)

C THIS SUBPR.CRAM CROUP FINDS THE CELL COUNTS FOR CNE OF
C FIVE NGNPARAMETRIC TEST--EINOMIAL, QUANTILE COCHARAN,
C MCNEMAR, RC CCNTINGECY (CHISQAURE TEST FOR INDEP)-- AND
C PLACES THOSE CELL COUNTS INTO THE VECTOR RCCT, WHICH .S
C DIMENSIONED BY NRCW AND NCOL. UNLESS THE USER HAS
C ENTERED THE CELL COUNTS, THE SUBROUTINE CALLS SUBROUTINE
C MSTRCR TO REAE THE DATA SET INDICATED BY NIF. THE DATA
C VALUES ARE IN LIS1, WHICH IS DIMENSIONED BY LPTR.
C SUBROUTINES:
C DICOT PERFCRMS THE CICOTOMIZATION FOR TI-E BINOMIAL AN
C QUANTILE, GETTING # SUCCESS=RCCT(l) AND # FAIL
C =RCCT(21 TYPCEL=2 IF BY LIST, =i IF BY PARTVAL
C COCH GETS THE BLOCK AND TREATMENT SUMS OF SUCCESSES
C BY PARTIAL; BLOCK SUCCESSES INTO RCCT(Il,...,
C RCCT 814 TREAT SUCCESS INTO RCCT(B+1i,...,
C RCCT B ); TYPCEL=
C MCOUNT GETS ThE FOUR CELL COUNTS FOR THE MCNEMAR TEST.
C RCCT(l IS SUCCESS/SUCCESS, RCCT(2) SUCCESS/
C FAILURE, ETC. TYPCEL=
C TC3 DIVICES PAIRS INTO CELLS OF AN RC CONTINGENCY
C TABLE, EASED ON PARTITION VALUES. ACCT(1I
C IS FIRST ROW FIRST COL RCCT(2J IS FIRST ROW
C SECCND COL, ETC. TYPCEL=3. CALLS PAIRST,
C TC3LN, AND RCCTR
C PAIRST SORTS THE VALUES OF THE TWO VARIABLES, ANC KEEPS
C AN INDE) KEY ON EACH, IN ORDER TO RE-PAIR
C THE PAIRS; KEY1=ROW, KEY2=COL
C TC3LN CALLEE BY TC3. ASSIGNS AN iNTEGER CORRESPONDING
C TO THE FOW IN WHICH AN ELEMENT OF ThE FIRST
C VARIABLE FALLS, OR THE COL IN WHICH AN ELEMENT
C OF SECQ!D VARIABLE FALLS, BASED ON PARTITION
C VALLES CONTAINED IN VECTOR CRV. INTEGER VECTOR
C RORCNR CONTAINS THE INDICES OF ROW CR COL
CASSIGNEC FOR EACH VALUE

RCCTR TAKES THE RORCNR VECTORS FOUND BY TC3LN OR TC4LN
C ANC FCRPS CELL COUNTS
C TC4 DIVIDE THE DATA PAIRS INTO THE CELLS CF AN RC
C CONTINGENCY TABLE BASED ON FIXED ROW AND COL
C TOTALS. TYPCEL-4, CALLS PAIRST, TC4LN, AND
C RCCTR
C TC4LN ASSIGNS A VALUE TO A ROW OR COLUMNI BASED ON
C FIXEO RCW OR COL TOTALS; THE VECTOR OF ASSIGN
C IS FCRChR

INTEGER hIFNFILEIHCLD(161,NVARSTOTELMNTEST,
*NTREATIP(50),NRPLPTR(17)jNELMS(16RNELS(16)t
* 01copiN SUCCvCELL SvNO FCIV( (0),NTORO, RGRCiROWNR(50) ,
*RCCT( 0iIYPCEL.KEYlKEY2,KtKK,I,J,JJ IPINROW,NCOL,
*EXB(200iTREAT( 6)iRNVARSREDELMCOLN (5 OiTiLLUL,
*TIEV(21
REAL RP(5CILIST(400,DIVAL(200,CRV(5OIVAL1(2O00,

*VAL2 (200 1
READI1O,1C1I IYPCELIPlNCOLNTORD

101 FORMAT(16.I.)
102 FORMAT(8FIO,3101a FORMAT(l X 9161=
202 FORMAT( lX,8FlC,3)

NROW-1
IF (TYPCELGT.21 NROW=IPI
WRITE (9,29) TYPCELNROW,NCOLtNTORD

209 FORMAT( lX,'TYFECELNRCWNCOL,NTGRn,',4I5I
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T-TYPCEL
IF ( (T N E.3 I.AND 9(To NEe61)o ANDo(ToNE o62 aAND@

*(T.NEo71).ANC (T.NE*7211 GO TO 310
REAO( 1Cv101) (RCCT(1Iltli NTORO)
IF f( TEQet;2.CRo(T.EQo72*1I

* CALL Fh~AME(1,NIFNCFl
LIST(1iluG.C
L PTR C1 J3
NYVAR S*aIP1
NTREAT=IPI
IF(T.EC*711 NTREATZNCOL
I F(ToEC*711 NVARS.=NCOI.
DO 5 KK=3.,NTREAT

TREAT (IN=Kg
5 CONTINLE

-* N ELMS ( 1 1.-0
*C NIREAT1%CCL

C REA(3.O,1Cl) iTRETE
C WRITE (9,401) NTRETE
C401 FORMtAT(ix 'NUPSER OF TREATMENTS' 9.15tl INCICES')
C READ(1O,3A311 (TREAT(1),I=3.,NTRETE)

C WRITE(9,2031 (TREAT( I),IzltNTRETE)
READ(109IC1) I EXB
WRITE 199~22 NEXB

C302 FORMAT( lXt'NUPSER OF EX 6LOCKS', 159, INDICES)
C IF (NEX8.GEoll REAQ( 10, 10L) (EXB (IJ tI =1 pNEXB)I
C IF (NEX69CE.11 WRITE(9,201) (EXB(I),11,tNEXB)

CALL RFARA(NIPtNRPtIPRPJ
* IF TNf2*NoTNo2)

CALL FNAME(Z,9,91
CALL FthAME2l0tNOF)

10 I ((TY CELGT.3).AND*(TYPCELeLTo6)1G TC 1
10 IFREAD110r102) (CRVt )9I1,N0TORDI

WRITE(9,2921 (CRV(fi)Iul,NTORO)
GO TO 14

12 PEAD(10,101) (CIV(I)tI-ltNT0RDl
*WRITE( 9t2ClJ (CIV(I) 9I=19NTORD)

14 CALL MSTRCP (NVARSOELMSvLIST vLPTRTOTELM ,NTREATPNIP r
*IPPNRPtFP N IFtN FTREAT)
IF(T yPCELoL oel CALL 0ICCT(NOFtNTORDtTYPCEL9IF1tCR~v
* LISTLFTRTOTELbtRCCTvTIEV)

IF(TYPCEL*EQ*.-) CALL TC3(NTREATv LIST #LPTRtCRV PNTORD,
* IP19NCOLPCCT)

IF(TYPCELsEQ.4) CALL TC4fNTREAT, LIST tLPTR ,CIV 9
* NTORCpIP1,NCOL#RCCT)

IF(TYPCELoEQo.23? CALL MCCUNT (LIS TLPTRvCRVtRCCT9
* TREAT)

IF(TYPCEL EQ.131 CALL COCH
*(NTREATNCFLIST ,LPTRRPNTORDCR~',NRO~,NC3LRCCTJ
IFITVPCELS.EQ* 13l G TO 99
WRIT E( ItC11

C WRIT E (W 301)
301 FORMAMWx, CELL MATRIX:')

co s0 t= ROWA
4L.1 11-I *NCOL

UL1 *NCOL
WR TE (962 CI) (RCCT(JbqJ-LLvULl

SWRI TE (NuF,2011 (RCCT(JIJ=LLvULl
s0 CONTINUE
99 PETURN

END

SL8ROUTINE COCH
SNT R EAT N CF,9LIS T 9LP TR,9RPNTORD , CR V 9NROW iNCOL#RC CT J

* HIS INDS WH4ICH DATA ELEMENTS ARE SUCCESSES@
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K *. C eY COMPARING LIST WITH PTP COUNTS THE OF SUCCE$SES
c E ROW & COL, SENDS TOTS INTO RCCTv INDEX 1-MOw=
C SUCCESS PER RCW(BLOCK19NROW41 TO NROh+NCGL=SUCCESS
C PER CCL(IF'EAT)

REAL LIST(400),RP(50) tCRV(50),PTMUJLTV
INTEGER NTREATLPTR(17)NROWNCOLRCCT(50),NICIR,

*LLiULtNT
N=IFIX(FLCAT( NTORDI/2)
IF (N.NEeNTREAT) WRITE (NOF91O1) NtNTREAT

101 FQRMAT(lX
* *EXPECTEH NUI'BER OF TREATMENTS BASES ON NUMBER' ,
* /#OF PAR71TICN VALIJES WAS19149

*'WHICH OCES NOT AGREE WITH THE,1
*/OLISTEC NUMEER CF TREATbENTS0914)
NT=NROW+NCCL
00 5 1;1 NT

RCCT MI=0
5 CONTINUE

CO 10 lA
MULTsC Yt(*Ii)
PT=CRY((2*I)-lI*MULT
ICinI+NRCW
LLzLPTS(I)
UL=LPT (I+ 1)-i
DO 20 ji'LLUL

IRZJ-LL+l
V=LIS7(J)i*MiUtJT
IF(V.(T.PTI GO TO 20

FCCT (IR ?RCCT( IRI+l
FCCT(IC lsRCCT(IC)+l

20 CONTINLE
10 CONTINUE

NROWPluNRC~o+l
iRITE (NCF92011 (RCCT(Iiv,11,NROW)
WRITE (NCFt202) (RCCT(J)gJ=NROWPI.,NT)

201. FORM AT(lX, 'ROIA TOTALS:' /2013 1
202 FORM4AT( lX,'CLUMN TOTALS:'/2013)

RETU RN
END

SUBROUTINE TC-2
*(NTREATLIST;PLPTRCRVNTORDNROWNCCL RCCT)

REAL LIST(400),VAL1(2OO)tVAL2(200ICRVi50J
WRIT E(9, iCI)

101 FORMAT(lXt'INIO TC3' )

CALL TC3LN(0,CRVVAL2,KEYZNPAIRNROWtNCCLCOLNRI
CALL RCCTR(NRCWNCOLNPA1RRCWNRCOLNRRCCT)
RETURN
END

* (NT REAT tLI ST ,LP TR#C I VNTORD 9NRO W NC CL,9R CCTI
INTEGER NTREA71LPTR( 17) ,NTORDNRO.~,NCCLRCCTI!Oi,9

REAL LI S T 40)hVAL1( 200 1 tVAL 2(200)IC RV 45O0)
CALL PAIRST(VALIVAL2,KEYlKEY2v LIST 9LPTRtNPAIR)
E ALL TC4LN(1,t CIV r KEY 1 tNPAfRt NROW tNCOL ROWNR )
ALL T4L~htOCIV9KEY2NPA RNROW ,NCOL,COLNR)
CALL PCCTP(NRCWNCOL ,NPAIRtROWNR ,COLNRPRCCT)
RETURN
END

C ------------ ----- ------

SUBROUTINE PAIRST
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I tVA L19VA L 2,KEY1,KEY 2,L IST L PTR NPA IR I
INTEGER N7REA1,LPTR( 17) iNTOR09NROWiNCCL, RCCT G) i

*IEY2 (ZOO) tNPA lRvRCWNR(50 I COLNR( 50) 1CIV( 5C) 9
*NRCELMNTCPICIVICRVNINi,JJJKRCRCKEYI(200)

REAL LIST (400 ),VAL1( 200 ) vVAL2(200) tCRV(50 I
hRITE(9 ,111

101 FORM AT(1IX A INTO PAIR ST# I
NPAIR=LPT (2)-LPTR(l)
CO 10 I=1.INPAIR

J=1+NPAIR
V A L1( li=LIST(I)
VALZ( (8=LI!T(JI
KEYl( (I )=
KEY2( I)31

10 CONTINUE
kRITE (9 '4051

305 FORMAT (Ml, %ALUES CF VAL1,VAL2 BEFCRE SCRT 11
iWRITE(9#301) (VAL1(1 )II=1,NPAIR)
WRITE(9 ,301) (VAL2(I) 9I=l NPAIRI
CALL SHiCRTLVAL~lKEY1,NPAiR)
CALL SHSCFT(VAL2,KEY2,NPAIR)
WRITE(99,3C21

302 FORMAT (1X I ALUES, OF VALIVAL2 AFTER SORT 0)
WRITE(99301) (VAL1(I ),Il1,NPAIR)
WRITE(9i3C1) (VAL2(I ) I=1,NPAIR)

301 FORMAT( Fl1e.Z)
RETURN
END

SLBROUTINE TC-LN
(RORC ,CR'~,VALPKEYNPAIRNROWNCOLRCRCNR 5
INTEGER NTREAltLPTR( 17) NTORONROWNCGL IRCCT(50),

*KEY2 (2001 PNPAIRtRCWNR(50) iCOLNR( 50J 9CIVI 501 9IKv
* NRCE L M 9N C P tI CI V vICR V tN I N t 9J iJ tK tR CRC 9R CRC N F 5 01
* KE Y1(20 0)iK E Y (20 0)

0 REAL LIST 4CQJVAL1200) PCRV15O)
C WRITE (9,131)NPAIR
C101 FORMAT(lXv' INTO TC3LN ,NPAIR:*,151

It-(RCRCoLT.11 GO TO 10
I CRVIl
K=O
NTCP=NF OW-i
GC TO 2C

10 CONT INU E
I CRV=NFCW
K=NR Oh-i

.. N TOP =N ROW +NCOL -2
20 CONTINUE

WRITE t91Ml3 IKICRVKNTOPVAL(IK),CRV(ICRVI
203 FORM AT(1Xt XKvICRVK ,NTUP: ,4I5,

* VAL(g) CR V (I CRV ' 2F10.3)
IF ((ICRV*dT.NTOP).OR.(VAL(IK).LE.CRV(ICRVflJ
* GC TO 12

I CRV= ICR V.1
GO TO 20

12 RORCNR(KE(ZK)I=ICRV-K
WRITE (912C4) KEY(IK) RCRCNR(KEY(IKII

204 FORMAT ( ),v'KEY( IKD' 9159' RORCNR(KEY(IK))Pt151
I Ku!K+l
IF (IK.GT.IPAIRJ GO TO 99
GO TO 20

99 RETURN
END

SUBROUTINE RCCTR (NROW vNCCLt NPAI R PROW N9CCLNRi FCCT)
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INTEGER t\7REA79LPTR( 17) tNTORDNROhNCC.. RCCTI r1
* KEY2 ( 20 0 ) 9 N P A IR 9 R CWN R (5 0) 9 CO0LNR t 5u 0 , C I V 5 01 ,CELL NR
* NRCE L M 9NT C FiI C IV 91CR V tN IN v ,Jp JJ tKvK EY 1 (2 GoJ

REAL LI STt 400 ),VAL1( 200 ) rVAI.21200),#CRV( 50)J
RITE (991J1)

101 FORMAT( 1)( 1 INTO RCCTR')
NIRCELMuNRlw*NCOL
00 10 I=1,NRCELM

RCCT( 1)=0
10 CONT INU E

GO 20 I=1,NPAIR
C ELL NR =(RO NR ( I)1- 1 )*NCOL +COL NR( II
R CCT(tC EL LN F)= RCCT I C ELLNR 1+1

20 CONTINUE
RETURN
END

SUBROUTINE TC4LN(RORCCIVKEYNPAIRNROWNCOLROaCNR)4a
INTEGER N1REA1,LPTR(17)tNTOROPNRCWNCCLRCCT(50),p

*i'EY2(200INPARRCWNR(5 0 )COLNR(5019CIVf SC)t
*NRCELMNTCPICIVICRVNINtIJJJKRCRCtRCRCNR(50),
*KEY1 (200 1 ,KEY (2001

REAL LIST(400)tVAL1(200),VAL2(200),CRVt5Q)
NRCELM-NRCh*NCOL
IF (RORCoLT.1) GO TO 10

NT OP =h C W

K=0
GC TO 20

10 NTOP=NROhm+NCOL
*I CIV=NRCW+l

K=NROI%
20 J=0

* CO 30 I=ICIV,NTOP
NIN=CIV(lI
IF tiIN*EQ.0) GO TO 30
DC 1,5 JJ=1,NIN

RCRCNF(KEY(J I 521-K
15 C ONT INUE
30 CONTINUE

RETURN
END

SUJBROUTINE OICOTLNOFNTORDTYPCELIPlCRVtLISTtLPTRt
*TOTELM MCCT ,TI EV)
INTEGER 61COP ,LPTR(l 71tULvItNSUCC tLtDIKEY1(4001
*NT ORD t 7YPCE LWARrI C 15 N A LIIE %.)
*KEY2(400)PTC CELM4

REAL DI VAL(20C),9CRV( 200),LIS T(TOTELM I PT 90IF9A0I F t
*EPSILN

NSUC C=O
-' T I V (I I =O

EPSILN=09CC01
NPAI R=LP TR (2 I-1

20 RIT E ( 9,206) (C RV (1 331=1vNT ORD I
26FORMAT(lIXICRv 7TF10* J

C -- THtIS SECT ICN IF bICOT OMIZE BY PARTITION----I
IF (TYPCELoEG.2l GO TO 40

PT-CRV(iI
DC 10 IzjtbPAIR

IF (LIST(I).GT.PT) NSUCC=NSUCC+l
CI -AES(LIST( 1)-PT)
IF (OIFoGT.EPSILN) GO TO 8

IF (LISTU ) .LE.PT) TIEV(1)=TIEV( 15+1
IF ILIST(I).GT.PT) TIEV(2J=TIEV( i)+l
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7 7W . ~ --

8 W I TE (9, 207)1 L IST I )PTNSUCC
20t FCRMA (X L IST I 9PTtNS UCC' t2F10 o3 I 1
10 CONTINLE

GC TO 99
C----THE FOLLOWING SECTION IF DICOTOMIZE BY LIST---

40 CONT INU E
00 41 i=1,NPAIR

KEY1( I1)=I
41 CONT INU E

CO 42 11.,NTOFD
KEY2( I )=I
D IVAL ( I rC FV(I I

42 CONTINUE
EALL SCRTILISTtKEYltNPAIR)

CALL SHSCFT(DIVALtKEY2,NTORD)
* L=A

0=1
50 IF((L.GT.NFAIF).OR.(CGT.NTORDfl GO TO 99

DIF-LIST(L )-DIVAL(O)
ADIF=AES(D0IF)
WRITE (992C9) LIST(L ) DIVAL( D ) ,IFtNSUCC

209 FORMAT (lX6OLlST90 I VAL601FNSUCC',.3F10o 5915 1
IF (ACIF.GT.EPS ILN) G6 TO 60

NSLCC=NSUC.
L=Ltl

60 I GO TC 5C
60 1F(DIF.GT*Cj 0=0+1

IF(DIE.LToC) L=L+l
GC TO 50

99 WRI T E (9,1Cl1 NSUCCNPAIR
101 FORi4AT(1X21 # OF STANDARD SUCCESSES '15,' OF 't15)

IF ( IP1.Eio*0) NSUCC=NPAIR-NSUCC
C***REFLEC T THE 4 OF SUCCESSES IF LIST CONTAINS FAILURES***
C, OR VALUES ABOVE PARTITION ARE FAILURES

10 %RITE (9051 NSUC ePAIR

15FORI4AT(lX INLMBER OF SUCCESSES '.15t0 OF 'iPI5)
NFAI L-NPAI R-NSUCC
RCCT (.1) =NSUCC
RCCT (2) =hFAIL

* RETURN
END

SUBROUTINE MCCUNT (LISTLPTRCRVvRCCTTREAT)
C THIS GETS CCUNTS FOR FOUR CELLS OF THE 14CNEI4AR TEST:
C 2 SUCCESS92 FAILUFEt SUCCESS-FAI LURE,9FAILURE-SUCCESS
C FBSzI.O IF SUCCESS IN FIRST TREATMENT IS BELCW CrV(1)t
C =-1*O IF SUCCESS IS ABOVE CRV(1)

REAL LIST(4001.CRV(50)bFBSSBSFPVSPVFS
INTEGER LFTiR(17),RCCT(45,NKILFLSTREAT(16)
N-LPTR(2 3-1
FBS-CRV( 3)
SBSr-CRV ( 4)
FPV=CRV( 1 *FBS
SPV= CRV ( 2 1*SB S
LFml+IFI X (CRV (5)1
LSr2 -IF I X(CRV (15
CO 5 1-1 4

RCCT (1) s
5 CONTINUE

CO 10 I-19N

F=LI ST (1)*FBS,
S=LI S T( I+N I*S BS
I F(F eG7FP V I K=K+LF
I F(So GTeSP V) K=K+ LS,
RCCT(K)I=RC CT( K +1
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10 CONT INU E
IF ( CRV( 5 )LTo3o5 I GO TO 20
WRITE (NCF9111) TREAT(l, TREAT(2 J
GO TC 30

20 WRIT E ( NCF ?1111 TREA T(2I)TREAT(1)I
111 FORM AT( 1 XtTR EATEMEN TS: 6/1 BEFORE%9159' AFTER 15)
30 PETURN

END

SIBROUTINE MSlRDRlNVARStNELM4SrL ISTLPTRPTCTEL4,
*NTREATNIP,I F,NRP,RPNIF,NOFTREATI

C Ti-S SUBPRCGRAPV GRCUP REACS ALL OF THE DATA FILE EXCEPT
C THE NAMES, ANC LIN~ES 4i-7 CF THE CPTICNS FILE. IT CHOOSES
C THE CATA ELEMENTS OF THOSE VARIABLES INCLL4jED IN THE TEST,
C AND PUTS THEM INTC THE VECTOR LIST. IT TH1EN REMOVES THE
C DATA ELEMENTS IF IHE USER INDICATED TO EXCLLJCE PAIRS OR
C BLOCKS. THE INTEGER VECTOR LPTR DIMENSIONS LIST; LPTR(1)
C =1; LPTR(I I a1S7 ELEM CF ITH VAR !N LIST. NTIREAT
C TR EATM ENTS /VARS IN TEST; TOTELM IS TOTAL ELEMS IN LIST
C LPTR(NTREAT+li = OTELM+lo NELMS IS INT VECTCR OF ELMS
C PER VAR AFTER BLOCKS/PAIRS EXCLUDED* TREAT IS INT VECTOR
C OF INDICES OF ORIGINAL DATA SET WIHI6~H ARE INCLUDED IN TEST
C IP IS INT VECTCR CF INT PARAMS; RP IS REAL PARAMS
C
C SUBROUTINES
C MSTRDR READS THE FILES
C SUBLST PREPARES CATA ELEMENTS FOR REDUCTION
C NULIST INCLUCES CNLY TREAT SPECIFIED INTO LIST
C EXBLCC EXCLUCES FAIRS OR BLOCKS AS REQ

INTEGER NIFvNFILE ,IHOLD( 16) tNVAR STOTELM EXB( 200) v
*NTREATUIP(501 ,LPTR(171 NELMS(16),RNELMSL.16),RNVARS,

.1 301*DICOPANSLCC:C ELLS4NTEST iTREAT(16 9REDELM, NRP
10 FORMAT(16I5)
102 FORMAT(8F10.3)
201 FORMAT1XI6I5)
202 FORMAT( IX ,EF1C*3 I

-C Co P=O
* CALL FNAIJE (1 :NI FtNOF)

CALL FNAME (2,NIF,91
CALL FNAI4E (2tNIFNOF)
PEAD(NIF,101)(IHOD( 11,=1,16)

LPTR (l.in3
TOTE LMO
CO 10 1=11NVARS

In Id
NELMS( I )=II-OLD(IP 11
LPTR( IP1)=LPTR( I) NELMS(I)J
TCTELI'=TOTELM+NEL4S( I)

10 CONTINUE
READ (NI F,102 I (LIST(I ) 9I=1,TOTELM I
C ALL $UBLST( LI $T,LPTR NVARStNTREATTOTELtTREAT)
CALL RPARAM4 NI tPNRPI tRP)

WRITE (9,407)
407 FORMAT(I X," LISTPTR VECTOR AND LIST AFTER REDUCTION )

WRIT E(9,201 ) (LPTR(I )I =1,t17)
IRIT 119 9201) (LIST(I I,= tI.lTOTELM4
WRIT E(9 202)1

303 FORMAT(IXW NVARS, TOTELMNTE ST N TREATNEX9NI FNRP)
WRITE(9,2C1l VARSTOTELMNT EST, NTREATtNEX89 NIP9 NRP
RETURN
END

-- SUBR OUT IN E SU ELST (L IS T, L PTRNVAR5, N TREAT ,TOT ELM,9TREA T)
C THIS SUBROUTINE FEADS THE VALUES FOR THE INCLUDEC TREATS,
C AND EXCLUDED BLOCISir IF ANY, AND REDUCES THE CRIGINAL

167



C DATA SET OF TWE DATA FILE INTO THE DATA LIST FOR THlE TEST
C SUBROUTINE NULIST INCLUDES TREATMENTS, EXB3LOC EXCLUDES

.. C TREATMENTS
REAL LIST14001
INTEGER LPTR( 171 tNVARSiNTREATgTO TLM 9TREAT( 16),NOEXa,

101 FORMAT(1615)
*102 FORI4AT(8F13.3)I

201 FORMAT(1X,161!)
202 FORMAT( lXvEF1Co3 I

TREAT lM=0
a CONTINUE

READ (10 P1011 I TREAT
WRITE 19t,3011 NT REAT

*301 FORMAT( 1Xt 'NUM'BER OF TREATMENTS 15,' INDICES'I
READ(1091C11 (TREAT(II1,NRA J
WRITE(9tZC11 (TREAT(IiIllNTREAT)
READ(109101I 1EXB
WRITE (993C2) NEXB

302 FORM AT(1X 'NUr'BER OF EX BLOCKS 1 1594 INDICES#)I
-: IF (NEXBeCdEo1) READ( 13, 011 (EX~i31 ,I-lvNEX8J

IF (NEXBoC-*E.1) WRITE(992O11 (EXB(IIzlNEXBI
r. CALL NULIST

*(NELMSS 1T07ELM tLI ST NTREATtTR EAT 9LPTR vRNVARS I
IF (NEX8.Ccall CALL EXBLOC(LPTRPTOTELMtLISTtNTREAT,

*NELMSqNE)1EEX89RNELMSI
RE TURN
END

SUBROUTINE NULIST
*INTEGER NlFtNFILEIHCLDT16) f0TELMtNTESTXB( 2001

*NTRE AT I P ( "0 1 NRPtLP TR( 171 0NELMS (161YNULPIR 17),9KPI t
*RNVARStNCFt I I UL tLL9NVARS9 REAT( 6)

~Y.9REAL RP(lCCILIST(4001
IF(NVARSeE~oN1REATI GO TO 98
005 K- 17

N ULP T (KI -C
5 CONTINUE

& 0
NULP TR(11 -1i
CID 10 I11,iNTSEAT

K=TREAT(II I
KP1=K,1
L LzLPT P(K I
UL=LPTR(KP 1'-1
DC 15 ia~LL UL

I=1.1
LIST( I)aLIST(J)

15 CONTINLE
NULPTR( IIFlJ)LL+l-LL+NULPTR( II)

10 JONT INUE

* hRITE(9,4CS (NULPTR (IIIz1,171
408 FORMkAT X,'NULPTRt/161)

LPTR (1) =l
CO 20 Kul,1

LPTR( K aNULPTR(K)
20 CONTINUE
98 ANVARSoNTFEAT

RETURN
END

SLBROUTINE EXELOC
* (LPTqtT07ELMtLISTNTREATNEL4SNEXBEXBi-R-*EL,'4S)
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INTEGER NIF NFILE,IHOLD(I61,TOTELMNTEST EXB(200),I,
* *NTREATIP(561 NRPtLPTR(i7JNELMS( 161EXI201*Ex9, K,
* RNELMS( 161 9TEF1 tNCF, LL, ULtNVARSt TREAT (16 1 ,EXT iIS J

REAL RP( 10)9LIST(4001
IF (NEXB.EQ.0I GO TO 97
KaO

C GET INDICES CF LIST ELEMENTS TO BE EXCLUDED
LPTR(1)=l
CO 10 lal iNTREAT

DO 12 J=li EXB

EXI(K )=LPTR( I I+EXB( J 1-1
12 CONTINUE
10 CONTINUE

NEXI =K+l
EXI(NEXII=17
Kul
J=O
TEPI=TOT ELM+1

C RELOAD LIST, EXLUCING ELEMENTS AS INDICATED BY EXI
00 20 IltTEPI

EXTHI SmEXI (K)
IF (I.LT.E)THISI J=J+l
IF I.LT. )THIS) LIST(J)=LIST(I)
IF (I.GE. EXTHIS) K=K+1

20 CONTINUE
C CHANGE LIST PCINTERtNUMBER OF ELEMENTS

LPTR (1) =1
TOTE LM= TCTELM-NEXB*NTREAT
CO 25 IuliNTREAT

R NELMS (I I a ELS(T PEAT (I I -NEX 8
25 CONTINUE

.TPIP. NTREAT+l.
"' 00 30 I=2,NTP1

LPTR( I I LPTR( I )-(I-11*NEXB
30 CONTINUE

LL-NTREAT+Z
CO 40 K=LL,17

LPTR( KJ=0
40 CONT INUE

GO TC 99
97 00 98 I=,NTREAT

RNELMS ( I )aN ELMS TREAT( I 1 )
98 CONTINUE
99 RETURN

END

C THIS SECTION CONTAINS THE SUBROUTINES CALLED BY MCRE THAN
C ONE TEST SUBRCUTINEo THEY APPEAR IN ALPHABETICAL CRDER:
C EXPFt FINDS, FINDTt MUVAR, NCRMF, NORMVt PARCCM, RANQUE
C RHOER, RNQt RFARAP

SUBROyTINE EXFF( LIST iNIRPfFiNOF1
C TH, S SLBROLTINE F N THE THEORETICAL EXPONENTIAL
C OISTIBUTICN Ft WHERE L=RP(1)-SCALE PARAMETER LAMBDA

REAL A9LiL LI!T( 401 tRP(501,F(400)
IN ERI
LRP1)
00 10 u,x '. ISI

IF(X.1.0 Ff I 10
IF(X. GT.0 F(I)=I@1.-EXP(-(L*Xl)

10 CONTINUE
%RITE(NOFtO]. L.: 101 FOP.4AT(1X#WI1H HYPOTHESISED OISTRIBUTUICN

101 * =EXPONENTIAL/lX,t'WITH PARAMETER LAMEDA=I,FIG. 41hRETURN
tKo.
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END
*~ ~ C--------- - - - - - - ----- ---

* SUBROUTINE FINCS(LIST LPTR SAKI
C THIS SUBROUTINE FINDS THE CI4 E ENCES BETWEEN T&WC
C EMPIRICAL COFS FOF THE TWO VECTORS CONTAINED IN LIST
C 1ST VAR X HIAS # ELMS IA ANO CCUNTER I ; 2D VAR Y HAS # ELIS
C N ANC COUNTER J; E CDF ARE (I-1)/M AND (J-11/%; STEP
C COUNTER OF SMALLEF VAR UNTIL N+l OR M+19 THEN INCA OTHER

REAL EPSILNqFN FE' A(100I'Y(1001,DIFADIFS(200J,
* ATMAX.,ATMINrfSU PPDIFtLIST(400) PRP(50) ,TfAXTMIN

INTE GER IvJ I KL fMtN jKE Y I(tI00vK EYJ( 100) 9 JJ iI Ft50),
L LPTR (1-1 vNI-, RE (1,11

EPSI LN=O CO0l
lEmLPTR(2 )-1
N=LPTR( 3)-LPTP(21
FNaFLOAT (NJ
FMxF LCAT(0i
00 10 I=1,m

KEYI (I )sI
X( I) =LIST( It

10 CONT INU E
CALL SMSCST(XtKEYIiM)
00 12 J-10N

K EYJ ( JVJ
Y (JI L IST( 04J I

12 CONTINUE
CALL SHSCFTLYvKEYJtN)
K=O0
L=0

Jal
20 CONTINUE

11FORIAT(X'S(K:6tFl0o4)

IF(IsGT.E') IIxM
.JJaJ
IF(JoGT*N) JJsN

AOIF ABS, (C IF)
IF(AOIF 0G7.EP5ILNI GC TO 25

IF(I.LE*M) I=I+.
PDIF=FLCAT (1-1)/F14-FLCAT( J-1I /FN
K aK*
S (KI=PCIF
WRITE (9,1CII KtI IJLDIF
IF (KoGToOl WRITE (9, 111 S(K)
IF(J*LE.Nl J=J*1l
K sKI1
S(KJPCIF
WRITE (SilCl) KtIJLDIF
IF (K*GT.01 WRITE (9,1111 S(K)
IF(L*EC.1) GO TO 30
GC TO 20

25 CONTINUE

I F((DIF.GT.OI *AND* (JeLEoN) I JaJel

S (K)-FLCAT (I-li/)FM-FLOAT( J-1) /FN
wRITE (9,1Cll K ,ItJtLDIF
IF (K.GT*O) WRITE (99,111 S(K)
IF( (DIF.LTaO) eANDe(I.GTeM)eAN~o(.JeLE9N)) J=J+j
IN( DIF.GT.O).ANQ.(J.GT.N).AND.(ILEE'I)II) =+ 1
IF(L.LT.Ul GO TO 20

30 RETURN
END
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SUBROUTINE FItDT(SFNTSUPTMIN ,TMAXNGOFI
C THIS FINCS THE DIFFERENCE IN COF S OF THECRETICAL
C DISTRIBUTION F ANC EMPIRICAL DIST S AT THE XSc DETaRMINEO
C BY TihE VALUES CF 7HE SAMPLE DATA VAR IABLE ELEPEN~TS. Tri
C MAX ABSOLUTE CIFFERENC IS TSUP. T IS VECTOR OF DIFFERCNCE-

REAL S(40CjF(40OJTSUPtATMIN,-ATMAXtTMIN,MAXT8JXO
INTEGER N9IIINOF
NPl1=N+l
T(1)=F(1)
T(21 -F(l )-S(l I
CO 10 II=2,N

I Tl=I 72-1
T (IT 11 =Fi I I)-S SI)
T (IT2 I F(II11-S (11 1

10 CONT INU E
TMIN=2. 0
TMAXz-2 o C
CO 12 J=19ITZ

IF(T(J)GTTMAX) TMAXT(J)
IF(T(JI.LTJMINJ TM1IN=T(JJ

12 CONT INUE
ATMAX(=ABS (TMAXd1
ATMIN=A8S(TMIIN)
TSUP sAT lh
IFtATMAXeGT.TSUPJ TSUP=ATMAX
WRIT EINOF w1O1) TMAX6TMINATSUP

101 FORMAT(IX91MAXMUM 6IFFE ENCE9 F(X)-S(Xltl9F1C.4/lXt
*0 MINIMUM DIFFERENCE :',FlO*4/lXg
*$LARGEST AESOLUTE OIFFERENCE:89F1Q.41

RETURN
END

SUBROUTINE I4UVAR l.ISTtNLI4Up VAR)
C T HI SL.ORu'.INE FINDS THE SAMPLE MEAN AND VARIANCE

REAL LIST(400 )PMUtVAR#XBARiSUMSQ
INTEGER h
XBAR =0. 0
SUMS C-0 o
00 10 IM19N

X eAR XE AR4LIS T ( I11
10 CONT INU E

tJUXSAR/FLCAT (NJ
SUMSQ=!L.MSC+( LIST (I)-MUI**?2

20 CONTINUE
VAR=SUMSCFLOtT(N-1)
iNRITE (91lOll MUvAR
WRITE (NOF11 IO MU ,VAR

101 FORMAT(lX, ITM TEDMU'tF1O.3t VARIANCE',FI0031
RETURN
END

SUBROUTINE NOFMF (LIST vNRPF 9NOF)I
C THIS SLBROLTINE FINDS THE THEORETICAL NORMAL
C DISTIBUTICN Ft WHERE MU-RP(1hvSIGMA SQUARED=RP(2)

REAL PXMUSIGSQALIST(4001,RP(505,F(4001
INTEGER I
'UsRP (11I
SIGSQRP (21
CO 10 i~Z

Z =(X-ML )IS 1GSQ
CALL NCRMV(tZ*PXI
F(I)=PX
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10 CONTINUE
WRIT E(NOF t101 I MUvSI GSQ

101 FORt4AT(!Xt I1H HYPOTHlESISED DIS'TRIBUTUION N~;AL/X
*'WITH PARAMS PU=61Fl0.4,'P AND SIGMA SQUARED=I,FlO*4)
RE TU RN
END

c SUBROUTINE NGFt4V(GPTIGNtZ P)
C FOPTION=1, THIS TAKES A ZASIANCARD NORI'ALJ AND FETURNS

C. A Pt IF OPTION- 2, TAKE S A P AND RETURNS A Z
C NUMERICAL INTEGRATION, TRAPAZOIDALr STEP-O.1 STO CEV
C INITIALIZE BCIH Z AND P IN CALLING SUBROUTINE

REAL ZPPItCCNSTOLDNEWZZPPCU4PXOELTPEXCESP,
*OELX
INTEGER TIIJLOE
FI=3 .141 527
CUMPZO
CONST-le C/(2*FI I**0.5!
CLD0=C CN S
IF (CPTICN.EQ.2) GO TO 50

ZZ-ABS(Z)
UL=IFIX(LZ'10*01
i)O 10 I=16LL ~)0.

NEhxCCNST*EXP (-05X
CUI4P=CUMP40o.05*(OLD+NEW)

IF (CLMPoGTe0.481 GO TO 12
WRITE (9,104) I;NEW.CUMPX

104 FCRMAT(1X'Igl9 NEWtCUMPvX93F7.31
10 CONTINUE

SE LX =22- X
N EW-C C ST* EXP ( -0.5*Z Z*ZZI

____ CUMP=CI.-MP+C5*DELX* OLD+NEW)
WRITE (991C4) ItNEW#CUMPtX

12 P-CUMP+Co5
IF IZ&LT*0*01 P=095-CUMP
GO TO 5

50 CONTINUE

* IF (PLT*0*5) PPuCo5-P
60 XZX+O m-CST*EP-.5XX

DELTPs~0. 5*( CLD+NEW I
CL4P= CUMP +DE LTP
CLDmNEW
WRITE(91C9) XvNEWCUMP

109 FCFMA7(IXt* XvNEWCUMP,93F7e31
IF (CUt'P9LT.PP) GC TO 60
EXCESPsCUN F-PP

.4..-ZZvX-O. 1*E)CESP/DELTP

IF (PeLT,0.,5) 2=-ZZ
* 95 WRTE (9vlCl? OPTI ONAPPZ

101 FORMAT~lXt' OFTION, PROB9 VAL OF Z:I,15t2F.Oo3)
RETURN
END

CC ISFNDTE IFEE ES hc3EwENTE AND JTl- ELEMENT

REAL V(17).S
INTEGER NOF vT ,IiJ TMltiPl
IoRIT E(NOF 9101)S

..101 FORMAT(9Xl//FAIRWISE COMPARISUNS//'/lXtIF AIQ ONLYp
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As-- %b w.

IFTHE NULL&~ HYPOTHESI S IS REJE CTED 11X, THESE',
*COMPARISCNS HAVE MEANING. COMPARE THE't/ 1X t
*DESIRED ;UANTILE OF THE T DISTRIBUTION'/IlX,
*TIMES Th-2 SlANDARD DEVIATION ,F10 4d/IX,
*WITH THE FOLLOWING ABSCLUTE DIFFRiNCES IN THE$/IX,
*SUMS OF ROW RANKS: 'I/lt
*6I J ISR(II-SR(Jhi 6/)

IMi: T-1
CO 10 IlTM1

DO 20 J=IPIT
X=V(I )-V(Jl
A.)=ABS(X i

102 WRITE(NOF*102) I4AX
20 CONTINLE.
10 CONT INU E

RETURN
END

SLBAOUTINE RAfkQUE(NVALSVALSSVALSRANKQKEYNTREAT,
*NBLCCK, C TICNI

DIMENSION VAL S(NVALS) tQ(200), RANK(NVALS) 9RANQ (400) t
.4 *SVALS(NVALS),I'EYINVA LS)fJJV1400) ,RANC-E(200htQKEY(230)

INTEGER KEYNEW~TIEOLDTIELL ,NTREATtNBLOCK9 PTIONt
J6N L:, JJ, Q EY

lq C
C THESE 7hO SUBROUTINES RANK VALUES
C Q THE RANK CF RANGES WITHIN BLOCKS
C DIF DIFFERENCE BETWEEN KTH AND K.1TH SORTED VALUE

S C EPSILN TCLERANCE CF RCUNOING ERROR, I.E.,CLOSE ENOUGH TO
S C SAY TWO VALS ARE TIED

C NEWT IE KTH ANC KilTH SORTED VALUES ARE TIED (LOGICAL INTJ
C OLDT IE K-lTH: AND KTH SORTED VALUES ARE TIED (LOGICAL INT)

*C KEY ORIGINAL INDEX OF VALSPEoG.,KEY(1) HAS ORIG INDEX
C OF St'ALLEST VALK(EY(KVALS) HAS INDEX CF LARGEST VA
C RANK RANK CF TIE UNSORTED (ORIGINAL) VALUES
C LL LCWES1 INCEX CF TIED SORTED VALUES
C AVE AVERAGE OF LL & HIGHEST INDEX OF TIED SORTED VALUE
C RANQ IF OPTION=1,TOTAL SET OF RANKS, -2 RANKS hm/I BLOCK
C =3 RANKS h/I BLOCK PLUS RANKS OF RANGES Of BLOCKS
C

IF (CPTICt%.GE.Z) GO TO 51
NL9N VAL S
CID 10 lalNVALS

SVALS( I IVALS (I)
KEY(I 9=1

10 CONT INUE
CALL RNQ (SVALSKEYNLtRANQ9

CD 1 1-iNVALSRANK I~RA Q(Il
4M15 CONTINUE

GO TO 95
* 51 NLzN7RE AT

D0 20 1=1NB
QKEY(11 1C
DC 25 J:jsILL

JJZI ( J)*NBLOCK
K SVALS(J )=VALS( J.J)

JJV(Jtat.J
KEY( .1 )a

25 CONTINLE
CALL RNG ( VALStKEY, NLRANQI
RAN~G( 1)-S ALS(NL )-SVALS(ll

WRTE1-,107) (RANQ(K) oKalNL I
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107 FCRMAT (IXt 7F10.31
* - DC 3 0 Jalt %LRQ

30 CCNTINLE
20 CONTINUE

IF (OPTICN.EQo3l CALL RNQ(RANGEQKEYNBLOCKQ)
95 RETURN

ENO - - - - - - - - - - --

SUBROUTINE RHCER(XNPAIRRHO ,8iBOOFTIONI
C THIS SUB~ROUTINE TAKES Xt A VECT TR COMPOSED OF ThWC EQUAL
C LENGTHED VARIABLE S, AND FINDS THE CORRELATION COEFFICIEN4T
C RHO (PEARSON'S: CCVARIANCE/STOEV1*STDEV2)

REAL X( 400 1 R 1-0OS SASSB.9FNt A~DA tD8 tAMEA N tMEAN t

IN EG~R NFAIR,OPTION
FNwFL0AT(NFAIF)
AMEANsO. C

EAN0 0
S S Aa 0

CO 10 I1,NPAIR
AMEAN=AMEAt+X( Il
BHEAN=I4EA +X( I+NPAIR J)

10 CONTINUE
AMEAN=AM EAN/FNk

.5eMEA NBMEAi/ F N
00 20 1=19NPAIR

D A=X( I )-AM EAN

A SmAB.+ (DA*CBI

20 CONTINUE
* DENOM=(SSA**0.*51*(SSB**0*5)

RHO=Ao/DEtCM
IF (OPTICNoEQoll 81=AB/SSB
IF (CPTICK*EQoll 80sAMEAN-8l*BMEAN
IF (CPTICh.EQe2i 81=AB/SSA
IF (OPTICN EQ*21 80OBMEAN-B1*AMEAN

FETU RN
END

C -------------------- - - --------

SUBROUTINE RNC (SVALi9 KEYvNLRANQl
C NHIS SUBROUTItE SCRT SAND RANKS A VECTOR FROM RANQUE
C OR ANY OTHER SQ8RCUTINEjSVALS ARJ UNSORTEC VALUES WHICH
C WHICH ARE RETLRNEC SORT C AND DETERMINE RANKS; KEY IS THE
C~ VECTCR I~e. .NL WI-ERE NL IS 0 ELMS IN SVAL; RANQ IS RANKS
C OLDTIEANWTE ARE LOGICALS, TO START AND END TIED VAL.UES

REAL VA LS(NL ) RANQ (h Ll 9EPS, 1LNP
INGER% NL I LLP I Pl,9NEW TI E,1OLDTI E 9KE Y(NL I K

EPSIkN-0,0301

222 FORMAT (10X 0**** START RANKING IN RNQ * )
CALL SHSC~f(S%,ALSoKEYNLI
CLOT IEmO
CU 10 11l,NL

RANQ( I )zFLCAT( I)
10 CONTINUE

0O 30 I=1,NL
NEWTIE=O
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K KEY I I
-. ~.RANQ (K )=FLCAT 1)

C IF ( I.GT.1 ) WRITE (9;1041 IKtRANQ(KiRANQ(IJ
C1.04 FORMAT (lXP'I I( ' f2I5,' RANQ(K) P F1O.3t
C *RANQ(Il IFlCo3r

I P1-I +1
D IF=SVALS( IP1 J-SVALS( I
I F ( I.ECoNL) DIF= 1 0
IF (DIFoLT*EPSILNl NEWmTlEz
IF (NE TIEeEQeGOTIE1 GO TO 29
IF (NE TIE LT *CLOT IEI GO TO 15

LLaI
GC TO 29

15 AVE=0.r-*(FLOAT(I+LLjI
DO 20 J=LL,91

4' RANQ ( IEY WJI) I AVE
20 CONTINLE
29 CLOT IE=N E'T IE

C WRITE (9,101) (RANr.(K1,K=1,NLl
30 CONTINUE

WRITE( 91211
121 FORMAT(lXiC SORTEC VALUES@)

WRITE (99,1 (SVALS(K),KzlNL)
WRITE (9,122

122 FORMAT(lXiC RAIKS CF VALUES 'I)

WRITE (gIc71 (RANQ(KJ,K-lvNL)
C WRITE (9 1C8) (KEY(K)#K=19NL)
107 FORMAT t Xv 7F10e3)

C108 FORMAT (IXt 7110)
RETURN
END

SUBROUTINE RPARA#4(NlPNRPtIPiRP)
C THIS READS THE IN7EGER AND REAL PARAMETERS OF THE OPTIONS
C FILE FOR EIThER MSTRDR OR CELLER

INTEGER IiIPtNFP9IP(501
REAL RP(1Cl

101 FORMAT( 16 15
102 FORMAT(8f10.3l

FEAD(10,1Cl) lIP
IF (NIP*GE.1) REAC(1091011 (IP(I iI=1,NIPJ

IF (NRP*GE.1) REAC(10,1021 (RP(I)tI=19NRP)
RETURN
END

4 SUBROUTINE THNPA(XtNCF)
C THIS WRITES TkE RESULT FOR A KOLMOGOROV, LILLIEFORS
C TEST TY THE CLTPUT FILE wHEN THE HYP1l

WR E(OFtl01) X
101 FORMAT( lX,' TfrE NULL HYPOTHESIS: F*(X)=S(,X)'/lXqlTHE',

*6 TEST STATISTIC IS LARGER OF THE ABSCLUTES VALUES'/
*3xfgOF TI.E TWC DIFFERENCES:'/1XtFl0.4)

END

SLBROUTINE THIPB(XtNCFJ
C THIS WRITES TI-E RESULT FCR A KOLMOGOROV, LILLIEFORS
C TEST TO THE CLTPUT FILE WHEN THE HYP=2

4 RITE(NOF9101 I X
101 FORMAT( IX,'THE NULL HYPOTHESIS: F*(XJ<aS(X)'/1X9'TriE',

4 *6 TEST STATISTIC IS LARGEST DIFFERENCE I/

RETU RN

C------------- E N------a-
SUBROUTINE THNPC(XNOF)
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',p

- C THIS WRITES TIE RESULT FCR A KOLMOGOROV, LILLIEFOFS
C TEST TO THE CLTPUT FILE WHEN THE HYP=3

WRITE(NOFtlOI X
101 FORMAT(1X,'THE NULL HYPOTHESIS: F*(X)=>S(X)'/IX,'TrIE',

*1 TEST STATISTIC IS SMALLEST (OR MOST NEGATIVE)'/
*3X,'OF F*(XI)-S(XII:/lx,F1O.4
RETURN
END

C THIS SECTION DF THE FROGRAM CONTAINS THE TEST SUEROUTI.NES
CIN THE ORDER OF THEIR TEST NUMBER; TESTS ARE SEPARATED BY
C -/-I-/

SLBROUTINE BINTST(NOFRCCTRP, IP, ALPHAT, C ILL# CIULI
C THIS MASTER SLdROLTINE FINDS ALPHA HAT OF A BINOMIAL TEST
C BASEC ON THE TCTAL NUMBER N, THE NUMBER OF SUCCESSES T,
C THE HYPOTHESIZED FROBABILITY PSTARAND FCRM CF HYFOTHESIS.
C THE NULL HYPOTHESIS IS EVALUATED. IT THEN FINDS LCWER AND
C UPPER CONFIDENCE INTERVAL BOUNDS (CILLCIULJ FOR ACTUAL
C PROBABILITY BASED ON THE NR CF SUCCESES AND FAILUFES.
C IF N<20, EXACT BINOMIAL COMPUTATIONS WILL BE PERFCRMED,
C OTHERWISE THE NORPAL APPRCXIMATICN WILL eE USED.

INTEGER tOF,IPl501.RCCT150),N.T,HYP
REAL ALPH, AALPHATCIULCILL,RP(5OPSTAR,ALPhYP,

* NKV(21)
T=RCCT( 1
N=RCCT(2)4T
PSTA R=RP (11
ALPHYP=1 .C-RP(21
HYP" IP(1 I
WRITE (NCF,201) NTtPSTARALPHYP

201, FORMAT(10X,'B]NOMIAL TEST'I/lX 'OF',15,' ELEMENTS ',
* 'OF DATA SET',15, WERE SUCCESSES'/1X,
* I THE HYPOTHESISED P STAR IS:' F0.5/
*-X,' THE L=VEL OF SIGNIFICANCE IS:',F1O.5)

IF (HYP.EG.1) WRITE (NOF,3011
301 FORMAT(1X,

*1 THE NULL HYFOTHESIS IS P=P STAR, ALT IS P<>P STAR' I
IF (HYP.E.2) WRITE (NOF,302!

302 FORMAT(lX,
*' THE NULL HYFOTHESIS IS P<=P STAR, ALT IS P>F STAR' I
IF (HYP.EG.3) WRITE (NOF,303)

303 FORMAT(1X,
*'THE NULL HYPCTHESIS IS P>=P STAR, ALT IS P<P STAR')

IF (N.GT.20) GO TO 30
CALL BINH2C(N,1,PSTAR HYPALPtHAT NKVI
CALL CIBINC(N, T ALPHY ,NKVCILLlIjLJ
GO TO 99

30 CONTINUE
CALL BINORM(N,TPSTARHYPALPHATALPHYPCILLCIUL)

99 CONTINUE
WRITE (9,101) ALPHATCILLCIUL
WRITE (NOFi01) ALPHATCILL,CIUL

101 FORMAT(l.X,' ALPHA HAT, CI LOWER, UPPER#,3FO..31
RETURN
ENDc- I-I- I-I- I-I - I- I- I-I- I-I- I-I -I-/I-I-I- /-/ -I-I-I-I-I -I-I-I - I-
SUBROUTINE BINORM

* (N T,PSTARHYP,ALPHATALPHYP,CILLr CIUL)
C THIS SUBROUTINE FINDS THE ALPHA HAT OF A EINCPIAL DIST
C ANC THE CONFIDENCE LIMITS OF THE SAMPLES' PROBABLITY
C CALLING THE SBFOUUTINE NORMV
C ALPHYP THE ALPHA SPECIFIED IN TEST 1.0-LEVEL OF SIGNIF
C ALPHAT THE ALPHA RETURNED BY THE NORMV SUBROLTINE BASED
C ON THE NUMBER OF SLCCESSES AND TOTAL SAMPLE
C ZHAT THE EMPIRICAL Z = STANDARD NORMAL N SUCC MINUS
C E(N SUCCESS)=( N*PSTAR),OIV ICED EY STO DEV (NPQI
C ZHYP Z RETLRNEC FRCM NORMV BASED ON ALPHA* OF h-YP
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INTEGER NTvHIP
REAL ZHAT.vZtALPH ALP HAT tCILL9CI ULNPS1',STOEV,9ZHYP

ZHAT=(FLCAT(T)-NPST)/((NPST*(1.0-PSTAR))**0.o5)
CALL NORI4V(1,ZHATALPHATI
IF (HYP*Glo1h GO TO 20

IF IZHAT.G79O) ALPHAT=(l.O-ALPHAT)*2eO
IF LZk-ATLEo0) ALPHAT=ALPHAT*2.0
GO TO 3C

20 IF (HYP*EG.2i ALPHAT=1*O-ALPHAT
30 STOEV=(FLCAT(T*(N-T) )/((FLOAT(NJ J**3))**Q.5

CALL NORlAe(2vZHYPtALPHYP)
TDIVN=FLCAT(T )/FLOAT (N)
CILL=TDI VN4ZH'IP*STDEV
CI UL =TD IVN-ZH NP* STDE Y
RETU RN
END
SUBROUTINE NCkUZK(NtNKV)

C THIS SOUBRGLTINE PRCOUCES THE NKV VECTOR OF N Cl-OOSE K
C. FOR K-0 .. THE INDICES OF NKV ARE ONE
C, HIGHER MlA THE CORRESPONDING KiE.Gov1=1,... N+i

REAL NUMtCENO~i'NKY(211
INTEGER ULtMEEPNP11 PltNPlMIiNI
NPI=N+I.
LL=IFIX (N*Qo.)
IEDIFIX (NP140*5)
NKV( Lial
NKV( NPI) 1I
h% u 1.0o
DENOI4=1. C
co 10 I71iUL

* NPlMIzhPl-I
NUM.NUP*FLCAT (NPlMIJ
DENO-MCENOI.*FLCAT (Ii
NKV (I=)NLM/DENOI'
I F( IL *MEC) NKVI.NPlMII=NKV(IP1)

10 CONTINUE

101 FORMAT I Xp' CHOOSE K VECTOR')
WRITE ( 9 tC2) (NKvJ(I)JI=1,NPl)

102 FORM AT( SF10.3 I
RETURN
END

SUBROUTINE BII'PMF(PNfNKVVVECLIM ,PQVPMFCUMPR)
C THIS SUBROUTINE FETURNS THE VECTOR PQVCCRR ESPONGING TO
C P**K TIMES Q**(N-KIl FOR Kao .,VECLIM9 AND PART OR ALL
C OF PMF FOR BItNCMIALe LET VELLI N TO PRCDUCE ENTIRE PM~
C FOR LINESEARCI-, IT WILL BE LESS. VECTOR NKV FROM NCHUZK
C CUMPR IS CUMkoLATIVE PROBABILITY

INTEGER I VECLIMNKUL
REAL PvQ, GV(21),PV(21),QV(21),PHOLDQHOLDNK'id21H

*RCMPR, 6 IVERtP~tPMF(21)
CUMPR=O*C
ca. 0-P
LL=VECLIf M4I
NP1=N+l
CIVER=P/C
wRITE(9#1C3J F#QtPQvDIVERVECLI4

103 FORMAT(lXO'P,~,PQDIVER,',4FlO.7,'VECLlt4,I15)
* PQ=Q**N

00 20 I.19UL
P V( I )PQ
PQ=PQ*CIVEF
PMF(I)ZPQV(I)*NKV(I)
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- .. .CUMPR=CUMPF+PMF(I I
20 CONTI!NUE

AR1T E ( 9,9101) VECLIM I P CUMPR
101 FORM AT ( 1XI V ECL IM'I I -a Ps PF8.3,I CUM PROB:',F8*3,' P C VECTOR: 0)

WRIT E (991C21 (PQV(I ) vI =1,NP 1)
102 FORMAT( 8 F1.3 I

RETURN
END

cUBROUTI NE BINH20 (Nt TIPSTAR,,HYP9 ALPHATvNK V)
C YHIS FIGURES THE ALPHA HAT VALUE, ANC RETLRNS THAT
C VALUE AN'C THE N Ci-OOSE K VECTOR TO THE MAIN SLBROLTINE
C 81 NT ST.

REAL PS TAPALPHAT tNK V(2 1) tPQV (21 ) ,PMF(21) ,CUMFR
INTEGER Ni HVPITP1,NP1
CALL NCHLIKNtNKV)
NPI=N+1
CALL BINFI"F( PSTAR ,NNKV ,NtPQVPMFCU4PRI
IP 1= 1+1
AL PH 1=0
ALPH2=0
IF (HYP.EC..3) GO TO 20

00 15 1=TPItNP1
ALPH1ALPI1e PMF (I I

15 CONTINUE
ALPH=ALFH1

20 IF (HYP*EC*21 GO TO 30
DO 25 IzlvlPl

A L H2 sAL PH2.P MF( 1I
25 CONTINUE

ALPH-ALFH2
30 IF(HYP*NE.1I CO TC 99

____ IF(ALPI.GTsALPI) ALPH=ALPH1
A LPH =A L H*2 o0

99 WRITE(9,1C1) ALPH
101 FORMAT(IXvIALEOALHHT:tF*3

ALPHAT=ALPH~ AU FAPAHT' O3
RETURN
END

SU BROUT IN E C I EINO (N, TALPHYPvNK VCI LLtCI UL)
CT HIS USES A BISECTION SEARCH TO F IND THE UPPER AND
C LOWER LIMITS (CILL CIUL) TO THE PROBABILITY CF SUCCESS

* C GIVEN THE NUMEER C SUCCESSES T AND TOTAL SAMIPLE SIZE Ni.
C NKV FROM NCHLZK*
C 8THIS USES S'TMMEIRY CF BINOMIAL, E.G., A DIST WITH

C8SUCCESSES OF 10 WILL HAVE THE LIMITS OF PROBABILITIES
C 1.0 - LIMITS CF A DIST WITH 2 SUCC OF 10 (UPPER<=)LQWZR)

* INTEGER NvTrTTI,4,TTMILCOUNT
REAL ALPI-YPNICV (211, CILL, CIULMLEPLALPHUALP-
UALPH=ALPhYP*C@5
LAUP H1l a O-UAL FH
NOIV2=IFIX(FLCAT(N%+11*095j
T'=
IF(T.GToNCIV2) TT=N-T
TTML =TT-1
fMLEP=FLO 47(TT )/FUOAT (N)
PLL= 0.0
PUL= 0.0
IF (TT1oC-E0l PLL=BISEX(N TTMINKViLALPh)
I F I TTo L E *N) F UL 0eI SE X IN vT+tN K V tUA L P H
IF(ToLE.NOIV2) GO TO 10

C ILL=1.3-PLL
C IUL=IC-PL
GO TO 20

10 CILL=PLL
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*C CILLPUL
IF (CILL.LT.0.01 CILL=0.0
IF ( CIUL.eCTslsOl CiUL1. 0

20 WRITE (9,1011 CILLvCIUL
101 FORMAT(lXt' PERCENT LOWER LIMIT ,F1O.39

*'UPPER LIMI1',F1O.31
RETURN
END

* FUNCTION EIS EX(N,TgNKVgALPH)
C THIS UOES A RAY SEARCH TO FIND THE EXACT P FCR WHICH
C THERE IS A 1.C-ALFHA/2 OR ALPHA/2 PROB OF T SLCCESSES IN
C N TRAS NK SCC FNCJOS g=l.#

*GAPPiEPSlp1PVF(2I ,LI

EPSM1=1. O-EPS ILN
LCCU NT=0
LLIM=64
IF(ALPHLT.0o5) GC TC 10

HI=F LCAT (T )/FLOAT (N)
GO TO 2C

1.0 L O=F LOA T (T/F LOCAT (N)I
11 1.0

20 1 E D0. 5 * (L C+H I
WR IT E(9 vZ201) LOi MEDh ItL COUN T
I F (MED.9LE E FSI LN I.oCRe (IEDe GE E PSMII I GC TO S5

201 FORMAT(lX,' LCI4ED#HIt LOOP COUNT' 3F10o 5915)
LCCUNT=LCCUNT 41
CALL BINPMF(MEDNNK~VT ,PQVtPMFCUMPRI
GAP- CUM PR-ALP I-
IF((ABS( GAP)*.LTs EFSI LNI.CRe(LCOUNT.GT.LL IMI I GO0 TO 95'
IFIGAPeLTo0OI GO TO 30

LG=MEC
GO TO 2C

30 HI=MED
GO TC 20

*95 WRITE (9,1C1) ALPHMED
101 FORMAT(lXt' ALPHA:',F1O.3,' CI LIMIT:',F1O.3)

IBISE XME C
RETURN
END

SUBR OUT INE QUANT L (NOF IRCCT vRPtIPtAP T9CILtCU
*LI ST LPRTR TIEV ATYP CEL J RPAPATCLI

C THIS FINGS tHE P OBAeILITY THAT A SPECIFIED XXSTAR
C IS THE SPECIFIED CUANTILE POINT QSTAR IN A DISTRISUTION
C REPRESENTED eY THE VALS OF SAM'PLE* THE CONFIDENCE
C INTERVALS (WHICH ENCLCSE POPULATION QSTAR) ARE GIVEN

INTEGER NCFvRCCT (501 9 Pi 50) tLPTR (17) 9TIEV (2) ,ti,-T2t
* T2P2 tT'l 1 hNP 1 vRHAT 9SH~AT 9KEY (400,)tTYP CL9I-YP

REAL RP(SCJ ,ALPHATCILLtCIULLS(0)NV?)PTR
PM F(21)vALPh4~ALPH2 LALFMINt HAT 19ZHA T 2 PQV1i.1)9

Wk IT E (N 0F,5 !2 3
523 FORMAT1CX9,**QUANTILE TEST**')

T1=RCCT( I11-TI EV( 11
T 2=R CCT ( II+T I EV ( 2)

PSTA R=RP(1)
ALPHYP1 0-RP (2)
HALF A=O . 5*ALPIHYP
N=RCCT( 21 *RCCT(1)
WRITE(NOF,334) TlvT29N

334 FORI4AT(1Xt' NLMBER OF DATA ELEMENTS LESS THAN X*1,15/

179



*lXt' NUMOEF OF ELMNSLESS THAN OR EQUAL TG X*.,
*I5/lX,l C NUMBER OF ELEMENTS,915)

IF ( NeGT o2 C) CO TO 3 0
C ALL N CHUZ 9(N NKV)J
C ALL 8 1NPM F(PITARN, NI(V rN PQV 9PMF CUM PR)
CALL C120Q (ALPHYP N PMFRHAT iSHA 9CONFCOI
WRITE (991C21 71, TI,iAHAT, SqHAT

*102 FORMAT(lX, ' T1,T2 PRHAT*SHAT' t415v* PMF:'

103 FCRMAT(iX,10F6.31
T2P2=T2+2
TlPI=TIel
A LPH A 20.0

ALO 1 0 ~I=ALHA1+PMF(II
10 CONTINLE

DO 15 I=T2F2,NP1
ALFHA2-ALF-HA2+PMF (I 1

15 CCNTINLJE
WRITE(99104) ALPHAltALPHAZ

104 FORMAT(1X,' ALPHAl, ALPHA2:',2F7*3)
GO TO 4#0

30 STDEV=(FLCAT(1)*PSTAR*(1.-PSTARHI**0.5
NPwF LCAT(N )*P STAR
Z HAT1 z (T 1- NP I/STDE V
CALL NCRMV(lZHAT1,ALPHli
Z HAT2= (T2- AP) / STD EV
CALL NCRMV (1, ZiATZALPHZ )
ALPH2xl*Q-ALPH2
CALL NCRMV (2,1ZSTAR ,HALFA)
RHAT=1*( IF IX NP+ZSTAR*STDEV-E PSILN) i
SHAT=1,( IF IX( NP-i STAR*STDEV-E PSILNI)
Z RHAT a(RHAI-N P I /S TOE V
CALL NCRMV(ltZRHAT LTAIL)
1 SHAT-(SHAT-NPI/ST6EV
CALL NCRMV(1,ZSHATUTAIL)
UTAI L=1*0-LTAI L
CONFCC=1 .0-LTA IL-UTAIL
WRITE(5 ilE) CCNFC09 LTAILtUTAIL

108 FORMA7(lXt4 C0NFCC ,LILqUTAIL',3F7.3)
4.0 ALFMIN=ALPI"Al

IF ( ALPHA1*GT.sALPHA2 JALFMIN=ALPkiAZ
WRITE(S,114i ALPHA19ALPHA29ALFMIN

174 FCJPMAT(IXI ALPHAI, ALPHA2, ALFl4IN:#,3F7e3)
IF (HYP.EC*ll ALPHAT=I. 0*ALFMIN
IF (HYPeEZ.2) ALPhiATZALPHZ.
IF (HYPoE~s3) ALPHAT=ALP-1
00 5 1-1 ,N

KEYC I)a I
5 CONTINUE

IF (TYPCEL.EQ*51 GO TO 95
CALL SHSCFT (LIST, KEYN)
WRITE (9slC31 (LI T(I),I1,lN)
CILL =LISTI( RHAT I

-~ IF(SHAToGT.N) SHAT=N
CIUL-LIS7(SHA1I
WRITE (91l~l) ALPHAT CILLfCIUL
WRITE ( N F910 1JALFHA ,L ISf(RHAT) I LIST(SHAT),9RI-AT,9SHAT

101 r-ORMAT(.'Xl ALFHA HAT LOWCR AND JPPER BOUNDS' p3F9 3/A-XA*$INDEX OF LOWER LIMIT, 15,l INDEX OF UPPER LIMITI5
GO TC 99

95 WRITE (9tlZ71 ALPtiATiRHATiPSHAT
.4WRITE (iC907) ALPHAT RHATSHiAT

107 FORMAT( .X, 'ALFHA HAT l 9H.39
*'INDICES OF LOWER AND UPPER BOUNDSf#2151
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I .1

99 WRITE (93)COFC
109 FORMAT(1X,'INIERVAL CONFIDENCE COEFFICIENT:' ,F~o.3)

RETU RN
END

SUBROUTINE CIZOQ (ALPhYPN PI4FtRHATtShATCONFCO)
C THIS SUBROLTINE FINDS INDICES RHAT AND SHAT THAT WILL
C INCLUDE WILL GIVE A CONFIDENCE COEFFICIENT OF AT LEAST

* .C 1.0-ALPHA9 USED FCR QUANTILE TEST.
C RHAT IS INDEX CF LOW ER LIMIT, SHAT I S INDEX OF UPPER
C BOUN~o SINCE INDICES OF PMF ARE 1

* .C TO N+19 S=SHAT, RsR*IAT
INTEGER RI-AT ,SHATvRI4AXSMINvNtNP1I IIMltjtjpI.
REAL PMF (21IICD(3 CDF(23 )PAL P1W t HALFA, BEST#CRIT t

NP 1= N +
HALF A=O o 5*ALPi-YP
1=1

10 CONTINUE
I M I- I
IF (CCF(I'JeGEeHALFAJ GO TO 15
I =I+I.
CDF( I )=CDF (IM1)+PMF( 1)

= WRITE(S,191) IPMF(I ),CDF(Ih
191 FCRMAT(lX,'IPMF(It~1ICDF(l)',I5,2Fl0.4J

IF (CDF (I I LE eHALFA I GO TO 10
15 RHATzIMi

J-NPIo.1
PCDF (J I -

20 CONTINUE

JUJ-1
RCOF ( 8=RC CF (J F11+PMF (J)

192 &WRITE(991921 JRCDF(JJPMF(J)
12F CR.MAT (lX, 'JRCDF(.J),PMF(JI',I5,2F10*4)

IF (RCDF(J)oLE&HALFA) G6OTO 20
cHAT=J
CONFCO1.0-COF(RHAT)-RCOF(SHAT)
WRITE (9,1011 CDF(RHAT),RCDF(SHAT),CCAFCCRHATSHAT

*101 FORMAT( 1X LO PUP,9CONFCO, INDI CES, CI:'YIIXp
*3F10949215)
RETURN

C---END

SUBROUTINE COXSTU (LISTLPTRIPRPNCFtNTEST)
C THIS SUBRCUTINE DIVIDES THE ONE VARIABLE IN ThiO, THEN
C PERFCRMS THE SIGN TEST TC, TEST THE TREND AS A MATTER OF
C PAIRING THE FIRST HALF DATA ELEMENTS WITH THE SECOND HALF
C THERE ARE TWO OPTIONS: 1-ONE VARIABLEt IN PRESENT ORDER,
C 2=CORRELATICN, RANKS OF THE INDEPENDENT VARIAELE
C ORDERING THE CEPEN*DENT VARIABLE

INTEGER LFTR( l7IIP(50),NOFTLPTR(3),NHALFMECNHT2,
H HYP iI NC EPC PDE PCwK EY 1200) , NACTU L

REAL L ST(400)PRPI(50 ),T L IST (400 J 9SL IST ( 4CC) 9D EP 2 00)
*INDEP(2001
WRIT E(NOFi r23)i
WRIT E(9,53

523 FORM AT(1CN ,**COX AND STUART TEST FOR TREND**Il
IF (JP(2).EQol) GO TO 7
N%=LP TR(2)-1
INDEPC=0
CEPC=0
IF(I P(3 ) LTeI F(41 ) I NCEPC=N
IF(IP(4) *LT. IF(3)) DEPC=N
CO 5 laltS
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K EY( I )=I
INDEPt 11=LIST( I+I NOEPCI
DEP( I )LISTII+OEPC)

5 CONT INU E
CALL SHSOFr(ItDEPKEYN)
CO 6 Iu1,N

SLIST(I)=DEP(KEY(II)
WRITE(Stflel I1 EY(I),SLIST(I)

918 .FORMAT(1X,'IN OXSTU:IpKEYtSLIST:'p2I5,F~o.3)
6 CONTINUE

GO TO 9
7 CO 8 Izlvb

8 CONT1INUE
9 hHALFzIFIX(0e!*(LPTR(2)-J))

NHT2=2*NHiALF
TLPTR(1 )1
TLPTR423a1t+NHALF
TLPTR(3) ul+NH72
NACT UL-LPT 9(2 )-1
)HYPa IP( 1)
CO I 1011NHALF

10 CONT NUE
IF (NACTULeGT*NHT2) GO TO 30
00 20 IaNHALF9NACTUL

TLIST( I)-SLIST(I)
20 CONTINUE

GO TO 50
30 LL-2+NHALF

DO 40 I=LLIIACTUL

TLIST( 1s SLIST( I)
40 CONTINUE

''111 FORMAT(ilk' NLLL 1-YPOTHESIS: THERE I'S NO TREND 1)
IF (HYPoE .2 WRITE (NOF 112)

112 FOPMAT(1X, 'NULL HYPOTHESIS: THERE IS NO LUFWARG TREND')
IF (HYPeEC*31 WRITE (NOF91131

113 FORMAT( 1 A
$ NULL HY~POTI-ESIS: THERE IS NO DOWNWARD 7REND')

50 CALL SGNT(TLISTTLPTRNOFNHTZRPIPNTESTI
RE TURN
END0

SUBR OUT INE SGINT( LI ST 9LPTR #NOF9T OTELM tRP 91F, NT EST)I
REAL A(20C),B(200),RP(50)tLIST(400),P EPSILN ADIFDIF,

*NKV( 21) ,ALPHAT ALFHYPCIULCILLALPHALtALPHAk
INTEGER LPTR(1A) ,IJ NELMViEKMNPLLSN4INUSNTOT,

*HYPt IP(50),NTESTN4OF
C NELI4V IS THE I UMBER CF ELEMENTS IN VECTORS A ANG 8

NPLU S=O
hMINUS-0
IF (NTESToEQo5) WRITE(NOF,523)

523 FORMAMOX '**SIGN TEST**')

EPSI LN=OCC01
hYP-IP(1)

(HYP 1cl WRITE (NOFi1111
(HYP: Q.11 WRITE (9,i11

IF (HYP*E *21 WRITE (NOFt112i
112 FRMAT !l'HC: P(+)<=P(-)'/1X,' Hi: P(+))P(-i)

I (HYP.E 31 WRITE (NOF91131
113 FORIAT(1Xz' HC: P(')>=P(-)'/1X,' Hi: P(oi<P(-)')

00 14 1 1,NE LMV
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F . . .3 -+
* *- D DF=LIS ( I-LIST(J)

*WRITE(Si 917 ) IiJaLIST(l) i LIST (JbDIF
917 FORMAT(1x,'IN I N:ItjtL I-Jt ,DI3'2I593Fi~O.3)

ADIF=AES(DIF)
IF(ADIF*LE*EPSILN) GO TO 14
IF (0IFoLTo0) NPLUS=NPLUS+1
IF (CIF.GT*01 NMINUS=NMINUS+1

14 CONTINUE
14RITE(99SE7) NPLUSNMINUS
hiRITE(NOF9986) NPLUStNMINUS

987 FORMAT(1lX,'SI-N TEST + -0 .2151
986 FORMAT(lXi ' NLt4BER OF 1+110*,15#4 NUMBER OF 4-1:4 ,15)

NTOT-NP LL ~NMINUS
IF (NTOT.L~o2C) CALL. NCHUZKINTOTtNKV)

*IF (NTOTEo2)NCALL INHP0 hTNv
IF (NTOToC*Te2C) CL

'-A *BINORM(NTCTINFLUS ,0.5HYALPHAT ,ALPIHYP, CILL ,CIULI
C ALPHA2rn1.C-,4LFHAl
C ALFM IN=ALPI-A1

'.2-.IF (ALPHAl.GToALPHA2) ALFMIN-ALPHA2
C fF 4HYP*EC.1) ALPHAT=2O*ALF14IN
c IF (HYPeE~o2) ALPHAT=ALPH2
C IF (HYPeEC*31 ALPHAT=ALPH1

WRITE(NOF9I021 NELMVtNTOT ,PLUSALPHATvALPHYP
102 FORMAT(l X NLI4BER OFPAIRS: 105 t N CF

*'PAIRED VALUES NOT TIED,I5,/' NUMBER OF kLUSSES'pI5t
*/I ALPHA IAT: ,FlOo41 HYPOTHESISED ALPHA ,9FlO.4h

IF(ALPHAT.LToALPHYPI WRITE(NCF104)
IF(ALPHAT.GEoALPHw'PI WRITE(NOF,1O51

104 FORMATlXvl REJECT TI-E NULL HYPOTHESIS 'I
105 FORAT lXt' DE NOT REJECT THE NULL HYPOThESIS')
99 RETURN4 END

SUBROUTINE MAfNWHT(LPTRLISTtNOFIRP)
INTEGER NltN29NTNHOLDI, JLPTR( 17)IER
REAL A(40C) LIST(400hiRP(1JUtZtR(400)tALPHtALPHAr
WRIT E(NOF95 3 1

523 FORI4AT(l0X9S**MANN WHITNEY TEST**#)
Nl=LPTR( 2)-LPTR( 1)
K2-LPTR( 3 )-LPlR(2)
NT-N 1+NZ
IF(NloLE.N\2)GC TO 30

DC 10 IzlPT
J=LPTF(3)I-
AC I)=LIST(J)

10 CONTINLE
N HOLDs N 2
N 2-Ni

GO TO 25
30 CC032 11N

A II'LIST( I
32 CONTINUE
35 CALL UTEST (AC!RNltN2,UtZtIcR)

IF(IER*LTall 0- TC 40
WRITE (NOF .1031

103 FORMAT(lXto ALL VALUES OF ONE SUBGROUP ARE TIED')
40 1F(N2.LT.2) GO TO 95

CALL NORMV( 1,LALPHATI
hRITE (NCFP1011 UqZ, ALPHAT

101 FORMAT(lAA' TEST STATISTIC U:,rF10.4t
* SAD IE : 'gF10.4/lXv

* 'I ALPHA HAT:O ,F1O.4l

~ ~ ALPH-lo0-RP( 11 8

418
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IF(ALPHAT.LT.ALPHI WRITE(NOF,1041
IF (A LPHAT eGE aALPH I WRAZT E(NQF v105J

104 FORMAT(IXO' REJECT THE NULL HYPOTHESIS ' I
105 FORt4AT(lXt' DC NOT REJECT THE NULL HYPOTHESIS')

GC TC 99
95 WRITE(401) UP'lfN2
401 FORMAM X t' TEST STATISTIC U:*,FlOo3/lXt

*'WITH NlaI4,', AND N2='vl4J
99 RETURN

END

SUBROUTINE MCN'EMR(RCCT,RPjIPtNOF)J
C THIS SUBRCtTINE FIGURES THE VALUES OF THE t4CNE14AR TEST:
C IF N<219 IT USES iHE EXACT VALUES OF THE EINCO'IALELSE
C USES ThE LINEAR INTERPOLATION OF CHI-SQUARE DF-I

INTEGER RCCT(41,IP(501,BCNPT2,NKV/(21J
REAL RP(5C),ALPHAT9ALPHVPT1
kRITE (NCF,522)

523 FORMaT(lCX,'**I4CNEMAR TEST**$)
E=RCCT( 2)
C=RCCT(3)
ALPHYP=1..C-RP (1)
TZ=B
N- B+ C
IF ( N.G T*20) CO TO 30C

CALL 8INH2O(NtBt0o5t1,ALPHATNKV)
ALPHAT=Co5*ALPHAT
WRITE (NOF91031 B#ALPHYPtALPHAT

103 FOR1A T (jXA'S T2 't15AI H'VPLT E ISED AL HAvALPHA HAT ',ZF7*3)
GO TO 40

30 rl=t FLOAT ((B- C)**211)/FLCAT ( BC
CALL CHIGNIE (116ALPHAT)

WRITE (NOF9 1 41 Tit ALPHYPtALPhAT
104 FOR14AT(LX I T1 4 9 3
104 I HYPGTHEHISED AIPHI,LLPHA HAT 4,2F7.3)

40 IF (ALPHAT.LE.ALPHYP) WRITE 0NOF,1O11
*131 FORMATIA,* REJECT THE NULL HYPOTHESIS')

IF (ALPHAT.GT ALPHYPI WRITE (NOF91021
102 FORMAT(lXO DCt NOT REJECT THE NULL HYPOTHESIS41

WRITE (NGFI1lI (RCCT(I)1=1,41 /t8EOEvIlFORM AT(1' MCNEMAR TABLE: 1/25xt'AFTER:'1,8EOE'
*12X,'ISUCCASS FAILURE'/1XP'SUCCESS ',OX t2110/ 1X,
*1FAI LURE' ,3X, 2110)

FETU RN
TY C END

SUBOUTI INEE (XtALPHATi O
CCHI-SQUARE DF=1 BVt LINEARINEPLTO

REAL CHI(OlvALPHATtP(8)
INTEGER h
CHI(1)=O

CHIC Z1=1 .23
CHIC 31=2. 06
CHI(41s3*841
CHIC 1Ja5o C24

CHiC 7).7 79
CHI( 8)- 113
P(1)=0

P2) u0.75
P (3) =0,,9
F(41=0 95
P(51=0:975
P(6) -0e 95
0(71'=0,6995
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10 CONTINUE

IF ((XeGTChI(I))oANOe(IeLTe8Jl GO TO 10
IF- (IoLT*8) GC TO 20

P HAT =C. 595
GO TO 5

20 IM1ZI-1
RATIO=(X-ChI(IMli/(CHI(I-CHI(IMlfl

APHAT =P( I M41I+RATI0* (P (I) -P(IM1 I
95 ALPHAT= 1 C-PIAT

R ETUR~N
END

C THIS DOES EITHER THE FRIEDMA&NAN6DUR aIN' PTNOTOTE
C IP(1) -0; FRIECMA NW 1, DURBIN; IF OURBINt RP(2)=FILLER,
C IP(2)=KM TREATS F ReL CK; IP(31=R=# BLCCKS PER TREAT
C FOR eOTH, RP(1)=CCNF COEFo RANQUE RANKS THE VALUES
C BLOCK BY BLOCK; PtRCOiw CC14PARES, THE SUMS OF RANKS OF
C DIFFERENT TREATME1ATS TO TEST FOR PAIRWISE CIFFERrt'CE

INTEGER NCFN1REATLPTR(17) ,KB, I JRITOTELM,
*OF1,0F2 , KEY(4C01,NBLCCK,INTEST(4001,T, I(0

REAL LlST(400 )vT2,SVALS 400) ,RK(400 ,2?AZRJ,
* PSL~tK25B~lDEN~iNMP1,SRJSNUM~VARDENViAR,

TEViSRJ(l fT R0,T RI 2 RP( 5 0)t 'Q171
CO 3 =1,OT

INTEST(IMa
3 CONTINUE

MP1a-99999909
A. - 524 IF (IP(11.EQIl GC TC 5

WRITE(NOF,524)
54FORMAT( 1O),'**FRIEDMAN TEST**')

GO TG 8
5 WRITE(NOFt,1251
625 FORM AT( 1 OX ,**DURBIN TEST**#

00 6 1-1 TTELM
I F ( L IT( I).GT.MP 11 MP1=LIST( I)

A6 CONTINUE
'P1= MPL+ loC

RaIP (3)
K .IP (2)

I F (L IST (I IMNP (2 GO TO 7

INYEST (IMO
7 CONT INU EN 919 RITE(9tg15) FP(21,MP1

99FORMAT(lX I ItkTEST VALUES, DURBIN; RP(2)tMP±*,ZFIO.31
WRITE(9,8l8) (INTEST(I),I=1,TOTELM)

816 FORMAT(1.i 21~
8 EPSILN-O.I!O1

NBLOCK-LPYP(2 I-1
CALL RANQUE
*(TOTELPtLISJSVALSRKQKEYNTREATNBLOCK,2)
hRITEM9315) (RK(IltI=19TOTELMI

315 FORMAT(1.X96Fl C.3
SRJSzOo0
A20o0

* E=LP TR(2 1-1
T-NTREAT
CO 10 J=1,T

RJ=0
DC 15 Iulv

R11I+LPTR(J) -1IF(INTEST(RI )oEQ*01 GO TO 15
R.jRJ+RK( RI)
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A2=A2*(RK (RI )**21
w~RITE (9,3121 )IJ,RIRJPA2

312 FCPMA7(1X t'IJPRI' t315RJtA2'P2FlCo3J
15 CONTIhLE

SRJ( J )RJ
SRJS=SP'JS+ IRJ*RJI

10 CONTINUE
IF (1P(l).irw.1) GC TO 50
N= T
82-SRJSI (FLOAT(B))
CE NOM14A 2- e2
k R f IE ( 9 93161 42tB2 ,DENOM
WR TE (NO F r316 ) A2t,2 ,DENOM

316 FO RM AM1X tA2 v82 OENC"' 3F10 *31
IF (OENOM.LE. EPSILN) GO'TO 99
8M1=FLOAT(d-ll
BK25aO.Z5*(FLCAT(E*K*((K,1)**21) I
N('M= M *(e2-81(251
T4'-NUMl DE!hCM
OF 1=K-i
CFZ=(E8-ll*(K-1J
lRITE (NCF#112) T2,OFl9DF2
WRITE (9,112) T29DF1 ,DF2

112 FOPMAT(IX,'VALUE OF T2:49 F1O.39' DF1:'tI58 OF2:',15)
NUMVAR=29C*B* (A1-El11
OENVAR-(K-11*(B-11
STDEV-( N U VARIDENVAR **0.5
CALL PARCCI4(SFJvTST0EVth0FD
GO TO 99

50 CONTINUE

CF2=(R*T* (K-i )*(K+1)I
TERM 1-SRJS*FLCAT (DFI IIFLCAT(OF2)
OF1=T-1
CF2=3*R * CF1* ( K +11 /(K -1
TERM 2-F LCA T iDF2)
73-T ERM1 -7ERM 2
ImRITE(9,101) IERM19TER42 SRJS T3

101 FORMAT(1.Xt'TEiM1-26SRJSt3',4hO.41
WRITE(NOF9102) T3,6 Fl1

102 FORIIAT(1.X I TEST STATISTIC T3fiFiO.4,/iX,
*TO BE C4!MPAPED WITH CHISQUARED DISTRIBLjTIONI/1X,
*'WITH DEGREES OF FREEOI4BS,5)
OF2zB*K*CF1
NUMV AR-F LCAT ( (R* tK+l I *(K- 113')
NUMV ARw NUP VA R *(F LCAT ( CF 2I-T3 *FLO0AT (T)I
CF 2=6*D F 1* 16*I(-T -8+11
CENVAR-FLCAT( CFZ)STDEFV=(NLl0iARlDENVAR )**0e5
CALL PARCCI4(SPJtTgSTDEVPNOF3

99 JN U

END

SUBROUTINE QUADE (NTREATfLPTRLISTiNCFtTCTELMJ
C THIS PERFORMS THE QUADE TESt* RANQUE RANKS THE DATA
C ELEMENTS 8LOCK BY BLOCK AND RANKS THE RANGES OF TI-E
C BLOCK ELEMENTS (IfhTO Ql. PARCOM HAS PAIRWISE COMPARISON
C OF SUMS OF TREATMENT RANKS ,TO TEST FOR EQUAL EFFECT

INTEGER NCFiRE7P 17tttttlitvCEM
RE AL I TOT ELM) 9 2 tSVALS(4001 tR(400 1,B2#AZRJPNU4,

* EPSILNtBK259 emitQ(200),A1,B1,S(4001 ,SIJ9S'J2,SJvMEANt
* OENCM9OEI\VA~vNUMVAR PSTOEVSRJ( 17)

iRITE(NOF 9524)1
524 FORMAT( 1O)(,'*#QUAOE TEST**')

X=NT PEAT
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SJ2=0

CF lxK- 1
CF2O-F1* (E-1 I
EPS! LN=0.CC1
MEAN=aO.5* (FLOAT( (K+1 I3))
CALL RANCL E(T CTE LPi IST tSVALS vR r vKEY ,Kp 31
00 10 J1,K

SJ=000 15 121,8s
RIuILPIR( J 3-1
S I J=Q( I MR (RI )-MEAN)
AluAl+SIJ*SIJ

WR17E19,101) ItJtRltR(RI)tQ(1) ,SIJAi
15 CONTINUE

10 CONT INUE
.4 BaSSJ2/ I FLCAT IB)I

CIF=Al-Bi
IF (DIFoLToEPfILN) GC TO 95

95 WRITE (9 102) A1.81,T1,DF1,0F2
btRITE (NIF,1OZ) AltBlTlPDF190F2

102FORAT( lX'Al1'Fl1C3 i 811'9F10.3/
102 , ' TES TAT T TI : ' FlO0.3 r DFl't1.5 t' DF2",t15)

NUMVAR=29C*(A1-BI*F LOAT(d)
VCENV AR= FLC AT( C F2)

STDE V;( NLI'VAR /DE NVAR ) **0.o5
CALL PARCC ( S FJ ipK ST 0EV,9NOF I
RETURN
END
SUBROUTINE CO3CHRN(NRCWNCQLRCCTIPRPNOF)

C. THIS SLEROLTINE TAKES R~wAND COLUMN CCLNTS RCCT
C FOR SUCCESSES. DERIVED INUCELLER. AND PERFORMS THE
C COMP UTAT IEN OF THE CHI SQUARED StATISTIC

INTEGER SCJSQ .SRISQRCCT(503 ,NSUCCNRGWNCOLtNUM,
*NOF91P(5019D NOM901F

REAL CHI tFF(5C)
NSUCC*O
SCJSQ-0
SRIS G~o
0 10 J-1ANCO L

SCJSQuSCJSC+RCCT( IC)**2
10 CONTINUE

c20 11,pNROti
NSUCCsISUCC+RCCT( II

CONINU SIC+CT 1J*
20 CO N

iRIE(NOF91011)SRISQ, SCJSQ1 NSUCCNCQL
101 FOw4AT(lOXrl**COChARAN TESTp*/ X,

*'SUM OF TIE SCUARES: R41'1. CUJ)'t5l#FRt~
**SUCCESSES IN'9.15,' TRE tMENT' I)/X'FR,5
NUMU(NCOL*(NCCL-1)*SCJSQfrU(NCOL-1)*NSUCC*NSUCCI

CHIxFfOAT(NUM 3/FLCAT (OENOM)
CFaNCOL-1

-~ timRITE(NOF#102) NW' DENOMtCHI 90F
102 FORMAT~li' NLMERAIORiDEXOMI NATO R: 2 1 /1X 5

*1SQUARED ALUE;IFlO. /1 'DEGREESQI O FEE -O95
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RETURN
V. END

SUBROUTINE RCCNT(RCCTONRCwtNCOLtNCFI
C THIS SLBROUTINE PERFORMS ThE CHI-SQUATEC TEST ON% CELL
C COUNTS GIVEN EV TkE VECTOR RCCT (ROW & COLUMN CELL COJUN'T)

INTEGER RCCT(50J,1NROhNCCLPNCFMAXRC(50)tCC(50IO)F,
*UL,LL

* . REAL EIJC1II
tAXuNROW
IF(NCOL.GT.NRCWd 1AXxNCOL
Go 10 1 8i 80IAX

RC (1)20
13 CONTINUE

*k. WRITE(99,102) NROW6NCOL
* 02 WR IT E(NO Fv1021 NR!W NCJL

12FORMAT(lXt* Ih' RCCI~t: NRO~uNCOL:',215t' RCCT:11

ULI=N C CI* I
WRITE19,103) (RCCTIK)tK=LLtUL)
WRITE (NCF9103) (RCCT(K)tKxLLULI

103 FORMAT (1X,16I5)
15 CONT INUE

N=O
00 20 I-19NRO

DO 22 J-1,1CL
KzJ+( I-li *NCCL
C I)I=CC (JI+RCCT(K)
RC( I)=RC( I)+RCCT(Ki
N zN+R CCT UK)

*22 CONTINLE
20 CONTINUE

CH1 0.0
CO 30 I19NRC!P

DC 32 tKO1

K=J*(1-1 )*NCOL

WRITE(5,67E I, Jr KEIJiRCCT(K)
678 FGRMAT( X0eIJtKE JC J:'t31592F9*3)
32 CONTINLE
30 CONT INUE

DF=(NROW-1i*(ICOL-1)
WRITE(9tlCl) CHIDF

-:101 FORMAT(lX' CI.I-SG4JARED VALUEiFlOe3,
ICEGRES OF FREEDOM',9151

RETU RN
END

SUBROUTINE GQFIT(LISTiLPTRZ1P9RPNOF?
C THIS GROUP CF SLBS FIND~ PARAMETERS IF NECESSARY AND
C COM4PARES AN ACTUAL DISTR18UTION TO A THEORETICAL CIST.
C AVAILABLE THECRETICAL DISTRIBUTIONS ARE NCRMALtUNIFORM,
C EX PO NENT IAL.o SAMFLE SILE 15 OR MORE DESIRED.
C IP(11=# GIST; IP(21=# ESTIMATED PARAMS;IP(3)=N OF ERLANG,
C RP (1 )zMU 9AA L A BD A; R P (21 aVA R tB,9A LPH A; R P (3 1=C CNF CCOEF

REAL R 5019 LIST(400bCUMP(80)PARTV(80,C-II9fUVAR
INTEGER LFTR(l71 uN9EJ(8OJtESTPA R NDSTtNC ELLNOFL)F,

*IP(5 0) tRCCT ( 80
523 RIT E(NOF 9 423 OFFTTS1CJiSURJ*
53FO RM4AT( 1 X , a**GCOODNESS SFFTTS C4 CAE*$

N=LP TR( 2 -1
CHIS0O

* CALL CPVGEN(NCUMPEJNCELL)
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CALL MUVAF iLI !TtNPMU tVAR I
- /-RP (4)=MU

RP(5 )=VAR
NO IS T=I P ( 1)
IF (NDIST*EC.1)
*CALL NC9MO (CUMPPI P RPvPARTVrL IST #NiNCELL,9NCF)

IF ( NCI ST aEQ o )
* * CALL UNIO(CUMP9IP tRPPARTVtLISTNtNCELLNOF)
*IF (NOIS7 EQ.3)

*CALL EXPC(CUIPl~RPPARTVLISTNNCELLNOF)

C CALL ERLD( CUMP,9IP,9RPPARTVPLI STNtNCELLvNCF)
IF (NDIST*EQ*5)
* CALL WEID(CUMPIPRPPARTVLISTNNCELLNCEJ
CAJL CELCNT(RCCTLISTNtNCELLPARTVJ
WR ITE(NOF,121 )

121 FORMAT(1Xt' CELL NR, EJ(JJ , 0(J) 9 PARTITION VALUE
* 27(8!11)

CO 25 I1l,lCELL
WRITE(NCF,12 ) IvE (I ,RCCT(I)

122 FORMAT(IlXt 3(H5 9 1)
IF(IeLT*NCELL) WRITE (NOF1123 J PARTV(I1J

123 FORMAT( Xll----',FIo.3J
25 CONT INU E

WRITE(KCF91241 NiN
124 FORI4AT(27(1-')/9X#2I8J

CO 10 Im1 INCELL
CHI.CHIFLCAT((EJ(I)-RCCT(I))**21/FLOAT(EJ(1)I

10 CONT INUE
CF=NCELL-IF(Z )-1
WRITE(9tl1O1I PNCELLtCHI90F

WRI E(OF901I NNEHi-lD
101 FORM4AT( lil' I )SAMPLE LENGI,14vd CIVIGED INTO t13,

*0 CELLS'/IX,'CHI-SQUARED VALUE OF'tFlC.3/lXt*0F= 9151
IF(IP(Z).EC.0) WRITE(NOFtl12i RP(4),RP(5)

112 FORt4AT(lX.IlX,' SA14PLE A(EAN AND VARIANCE: 4,2F10o4)
RETURN
END

SUBROUTINE CP GEN(NtCU14PEJNCELL)
C THIS SUBROUTINE FINDS THE EXPECTED CELL CCUNT VECTOR EJ
C AND THE THE CLMULATIVE PROBAHITY VECTOR CUMP

REAL LIST(4001,CUMP(801,PARTV(80JN05,FN
INTEGER LPTR( 171 ,NEJ(80),ESTPARNDISTNCELLti\OFIND5t
* QM(80)vINCELtMER9 REM
FN FLCAT4ND
IF (NoGTo!2) CO TO '3
N05-FN/5 sO
IN~s-IF I X051
REM- N-( 5* IND5)
NCEL La!NC5
IF (REM.GT.2) NCELLIND5+1
CO 12 1 NCELL

12 CONT INU E
IF (REM.E~o0) GO TO 20j R~tio LEe 21 EJ(1 I-6

F(EM ,GE*3) Ej(l)=4
IF(REP.EQ*21 EJ(NECELL)=6
I F(REfM.EQ* 3) EJ(N CELL)=

20 8N N

23 NCELL-10
INCEL-IFIX(FN/10.0)
REM- N-I0* INCE L
MER- 1o-REM
CO 24 1-1,10
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IF (I .LE.MER) EJ( I 1=INCEL
* . .IF (IoGT.MERI EJ( Il=INCEL+1

24 CONTINUE
29 CU.M(J=EJ(1)

CUMP (1) =CLf'(1 i/FN
CO 30 I=29NCELL

I M1=I-1
CUM( I )=EJ( II+CLM( IMI)

A CUMP( I)=FLCAT(CUM(I) )/FN
30 CONTINUE

WRITE (991011 NPNCELL
101 FORM.AT(1X,' CLMP GENERATOR FOR N=19159

* CELLS'tI5t' CIMP VECTCR:*1
WRITE(91 1021 (CUMP(1 )1I1,NCELL)

102 FORM AM. X t8F7.e3)
RETURN
END

C---- -- -- - - - --- - - - - -

SUBROUTINE NOFMD(CUMPIP ,RPPARTVLI STN NCELLNCF)
C THIS SUBROUTINE FINDS THE PARTITIONS VALUES F CR DIVIDING

*C THE SAMPLE INTC CELLS BASED ON THE CUMULATIVE PRCB VECTOR
C CUMP THE PARTITION' VE&OR PARTV IS NCELL-1 LONG

REAL LIST (40 )CUt4P80) vPARTV(80 ),RP(50) 9STDEVvMUVAR
INTEGER NvNCELLtIF(501

*m RIT E(NO F t524 IP (2)
524 FORMAT(lX,'NCFMAL DIST' .13P' PARAMETERS ESTIMATED')

IF I IP(21.EQ.C) GO TC 5
MU=RP (4)
VARRP(tr)

* GO TO 1C
5 IOU=R F1.

VAR= R P2)
10 STDEV3VAR**0.o

NCM1=NC2LL-1
WRITE (9.1111UzVAR 4 ZTDEN(;Iw1

* ill1 FORMAT( X1M ,VARpSfOEVtNCM1,93F8.3I,5i
CO 20 Ia1 NCM1

CALL M! RMV (2v Z,CU MP( I) J
PARTV(I)=SIDEV* Z+MU
WRITE(99121) I ,CLMP(I19 ZvPARTV(Ih

121 FORMAT( 1X9 *IPCUMP (1) - ' PARTV( W v 1593F8-3)
20 CONT INU E

RE TURN
END

SUBROUTINE CELCNT(RCCT LIST ,NtNCELLFARTVI
C THIS ROUTINE SORTS THE SAM LE AND FIGURES THE CELL COUNT
C OF THE SAMPLE CORFESPCOING TO THE EJPS CF Tf-E THEORETICAL
C DISTRIBUTION

REAL LIST (400 )tPARTV (80)
INTEGER RCCT(e0I ,NNCELL9d(EY (4001
Jul

5 CONTINUE
CALL SHSCRT(LIST KEY 9N)
00~ 6 jACELL

6 CONTINUE
NCMl =NCE LL- 1
CO 20 ui

8 IF(LI.QTI .LE ePAR TV(NCMl I GO TO 10
R CCT ( ACELL = RCC T INCELL) +1
GC TO 20

.10 CONTINLE
IF(LIST( I)eLE*PARTV(J)) GO TO 15
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IF(J*LT*NC411 GO TO 10
IF(JoEQsNC01) GO TO 8

15 RCCT(J)=RCCT(J)+l
20 CONTINUE

RE TURN
END0

SUBR OUT I NE UN10( CUMP tI PaPtPART V LI ST tliNCELL,9NOF I-
C, THIS SUBROUTINE FINDS THE PARTITIONS VALUES FOR DIVIDING
C. THE SAMPLE INTC CELLSt BASED GN THE CUMULATIVE PRC8 VEfOTOR
C CUMP THE PARTITICA VECTOR PARTV IS NCELL-1 LCNG

REAL LIST(4e0),CUMP( 801,PARTV(801,RP(5O) tSTDEVvAvdC
INTEGER NqNCELNtIP(501
WRIT E(NOF t524I IP( 2)

5 24 FORM AT( 1X,'UNIFORM D ISTp 13 to PARAMETERS ESTIMATF-01 J
A=RP (1)
E=RP (2)

hNC Ml=NCE L L-i1
CO 20 1=1,NCMl

P ARTV ( I I =CLMP (I)* C+A
20 CONTINUE

FETU RN
END

SUBROUTINE EXFD( CUMP vIPtRPtPARTV 9LISTN, NCELL tNOF)
C. THI S SUBROUTINE FINDS THE PARTITIONS VALUES FOR CIVIDING
C THE SAMPLE IN70 CELLSfBASED ON THE CUMUL.ATIVE PRCB
C VECTCR CUMP TIE PARTI ON VECTOR PARTV IS NCELL.-1 LONG

REAL LIST(400)CUMP( 80) ,PARTV(80 IRP (50) ,LAI4BCA
INTEGER NqNCELLIP(501
hRITE(9t5241 IP(2)

*-524 FORMAT( 1Xi'EX FONENTI AL OISTR IBUT ION,,13 9
*1 PARAM4ETERS ESTIMATEC"

LAMBDARP(1)
IF (IP12)mEQ*C) LAM BDA= 1.0/ RP (41
NCM1 =NCELLI-I
CO 20 I=1,NCMl

PA4RTV(1)=(ALOG(1-CUM'P(I)))/(-LAMBOA)
20 CONTINUE

RETURN
END

C, -

SUBR OUT INE '--R LO(CUMP ,I1P9RPtPART V,9LI 5TvN9N CEL L rNGF
C THIS FINCS THE X TO CORRESPONED TO THE F CF CLMP
C BY NEW'TON-RAPI-SON SEARCH IN ERLNUTt TO YIELD PARTV4

REAL RP( 5C) LIST (400 ) CUIP( 80) PARTV( 80) tC)-IIDNtF rXq
* LAMB DAF N

INTEGER LFTR( 17),9NzEJ (80) tLESTPAR 9NDIST 9NCELLt NCF 9OFt
*IP(501 ,RCCT(8C), FALT ,NCM1
N\CMI =NCELL-I
FN=FLQ)AT ( I(3 II
LAMBOA=RP (1)
IF (I P(l I o R LAMBD A=FN/RP(41
NN=I P(3) -1
FACT =1
0O 5 1=1 INN

FACT=I!ACT* I
5 CONTINUE

FN=FLCAT(FACT)
0Z 3 10 1, tN C,1

F=CUMP( .&)
CALL ERLNUT(F9X,7N NiF NiLAMBOA I
PARTy (:)=X

10 CONTINUE
RE TURN

IN 0
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SUBROUTINE ERLNUT(F ,X NNFN, LAMBDA)
C THIS IS THE NEWTON-RAPHlON'TECH WHICH TAKES AN F AND
C, RETURNS AN X; NN~f'-l FN=(N-11

RE AL FvX F ~AM8c3AXLOXHIXMEDNFDIFtACIF ,SLOPE,
*44 *L,LX LXNFAT

INTEGER htN
NF=FLOAT(INN I
EPSILN=-3.0001
La LA t4BA
X= IN F*.oC I/L
IF IF GT* Oo71 )AUX*2*F
IF fFeLTeO.31 )X*3*F
XL -0
)IlulOO. C*A

10 CONT INU E
LX=L*X

F ACT 1
DO 15 izltbh~

FACT. FACT*FLOAT( J)
LXN=aL)N+( LX**J) /FACT

15 CONTINLE
*~ ~ FI.-(LJIN41*J*EXP(-LXI I

ADIF-AeS(D IF)
SLOPE;!WL*LX**NN) *EXP(-LXI )/FN
IF(DIF.ToCi XLCJX
IF(OIFoLE.C) XHI=XX2X.DIF/SLCPE
I F(( X.LT*XLC).OGR*(X* GT.XHI )I X=0.*5*(XLC.XHI)
WRITE(991OI) FFXtDlFvSLOPEXLO#X ,XHI

V..101 FORMAT(I F 9FX OI FvSLOCPE XL0,XtXl 1: 1 t3F11J.7/20A,4F11. 71
'~IF(ADIFoG1'.EP.ILN ) GO TO 10

RETU RN
END

SUBROUTINE WEID(CUMtPIPtRPPARTVLISTNNCELLNOFI
C, THIS SUBROUTINE FINDS THE PARTITIONS VALUES FOR CIVIDING
C. THE SAMPLE IN7O CELLS# BASED ON THE CUMULATIVE PRCB
C, VECTOR CUMP WIE PARTITION VECTOR PARTV IS NCELL-1 LONG

REAL LIST(400),CU4P(80) ,PARTVC80),RP(50) ,LAI4BCA,
*APOW ,ALPfIFg)
INTEGER NqNCE LLtIF(501

524 FOR A~l2 'E BULL DISTRIBUTION9 l139
N *1 PARAMETERS ESTIMATED')

LAMBDA=RP (2)
APQW=I.0/FP41 J
NCM1 NCE LL-1
CO 20 I-i NCM1
F. CULMP( ()
Xs( (ALOG(1.C-Fli **APOW)/(-LA4BDA)
PARTV II )=X

20 CONTINUE
RETURN
END

SUBROUTINE WILCOX(LISTLPTRIPvRPtNOF)
C, THIS USES RAhQUE TO RANK THE ABSOL UTE VALUES OF

THE JT TRE TIANTMINLS THE 20 TREATMENT9,THEN SUPS THc.THEK 1ST THEATPN SIFFERENCES AND THE NEG DIFFERENCES
C, TO GET A T VAL6iE* THE VAR SHIFT ALLOWS A CONSTANT TO BE

ADDED TO T14E 1ST TREATMENT, E.G., TO SEE IF THE IST TREAT
CPLUS A CONSTANT IS SIGNIFIANTLY #LARGER THAN THE 2D TREAT
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-V.-w 7w -w -- z 7 -7 . r x r v

* *CIF ALPHAT SjIFT
*NNEGNPCStNOCIFPGSOIF(2001 ,IR
SRANIKa0*0

0.00
NNEG-0

NPOS=0
NVAL S-LPT F (3 1-1
NBLOKLPTF(Z 1-1
58 F =RP(1)

Kul to IuCCK

lF(ABOIF.L1.EPSILNl GC TO 10
IF(DIF*LE*C) GC TC 13

NPCS=NFOS*1
PCSCIF (IRIal

13 IF(DIF ^.C I GC TO 15
Ng NEG*l

FCSOIF(1R)-l
15 ADIFU RI-AESI 1F)
10 CONT INU E

NOWI F-NBLC'K-f POS-NNEG
CALL RANQUi:(IPAOIFSVALS@RANKQta(EY,1,NBLOCK,1)
WRITE(992 1) (A IF(I IjR J
IRITE(9 ,2111(RANK(I 1 1-1 IR)

211n FORM ATtlXtDIF/RNKZ0 tiF 8.2)
GO 20 lu1 NBLCCK

W O, AJ (PODIF( )L

IF(P~01,.1)l SRNEG=SRNEGIRANK(I)
RANKmSRANI(+PR

9'ACIF( I )*AD IN I l*P
20 CONTINUE

WRITE(NOF9101) N8LOCKSHIFTtNPCS ,NNEGNOCIFtSAPOS,
* SRNEG

101 F0RMAT( 10X,'**WI LCOXCN S I NED RANK TJEST**/1
*'IN', 149' PAIR S,/X'IhSTVARI ABLE SUBTATE'
*FROM T1-E CPLjUS A lXHIFT OF' F9.3/ jX,' THERE ARE',
*140' PC fE DIFFERENCES,',4i ' NEGATV~ AND'/
5XIUt - 'S'/~iSUM 01 OSITIVE R()IXANKS-* Fl0.2/

* X'sU M CF NEGATIVE RANKS:',Fl0.2)

LMNALMfI1ZiLlI

I fALPN1.GT*ALPH2I ALFt4IN-ALPH2j F(YP. Q IJ ALPHAT=2 0*ALFMIN
F HYP. I~*~ ALPHAT ALPH1

hR9 IT(NCF91021 SRANK, SRSCZ9ALPHATsALPHYP102 FOR AT (1t'SUP OF SIGNED RANKSS' I,2
*SUM OF SVAPPD SIGNED RANKj' .2/ T:',Fl0.3/
*ALPHA MA z i5 l0.3, 3WHYPO H hED ALPHA',F10*3)

IFHP[ol RT NF11



131 FORMAT lXvIHO* IE(X)=E(Y)t Hl: E(X)<>E Y101
1 3Z FORMATI X9'HO: E(X >:q(YI, Hl: E(X)<E(Y111
133 FORMAT41I,'O: E(Xf< i(Y) Hi* EIX))E(Yjl)

IF(ALPHYP*GT.ALPHAT) WRITi lNOF,121)
21 IF(ALPHYPoLE*ILPHAT) WRITE (NOF61221

122 FORJAT(1Xvl DC NOT REJECT THE NULL HYPOTHESIS')
GO TC 95

50 hRITE(NOF,6031
CALL RANQUE.(NELOCKADIFSVALSPRANKQKEY,1,NBLOCK,1)
WnRITE(NOFt ,1 (SVALS(lII NBLCCKl

103 FORM4AT( IX9'BECAUSE OF SMALL SAMPLE SIZE, TABLES '
* ix' SCULD EE USED. THE DIFFERENCES (NCT TIhE'/

* 1,'ASCLUTE DIFFERENES) FCLLOW IN RANK ORDER:')
104 FORMAT(lX5F1C.3)
95 FETURN

END

SUBROUTINE MECIA (NTREATiLISTtLPTRiNIPtIPNOF)
C THIS SUBROUTINE FINDS THE MEDIAN VALUE CF A NUMBER OF
C VARIABLE S/TREATl4EINTS9 FINS CELL COUNT OF #ABCVE/BELOW
C GRANC MEDIAN IN EACH TREA A, AND PERFORMS A R*C CONTINGENCY
C TEST ON THAT CELL COUNT MATRIX, USING FORM Pol'12 CONNGVER
C IN ORDER TO ALLOW GROUPING OF VARIABLES INTO AGGREGATE
C VARIABLES; THE AG EARI VECTOR CONTAINS THE INCEX CF AGVAR
C FOR EACH VAR (E.G. ,VAR 1&.3 IN TO AGVAR 1,VAR 2_t4tS INTO
C AGVAR 2* THE AGVA RI IS 1 ,122 2 THIS INFORMATICN IS IN
C CONTAINMD IN THE IP VECTOR. NAGVAR IS THE NUMBER CFC HE NUMBER OF AGGFEGATE VARIABLES(E*G. HERE 21
C IF AGGREGATE VARIABLES ARE NOT USED ,N IPNUMB CF INTEGER
C VARI ABLES b- AGVAR=N7REAT= NUMBER
C OF VARIAS E~ 11% DATA SET* AGVARI IS 162j
C NAII IS 1~THE NUeE OF hLEMETS IN A VA(I

INTE GER MEGI vPED2 #NO115) 1 NA( 15 9 LL 9UL 9DF iNAV( 171 t

*A 989N 9NTREAT t hNtAN9A 8
REAL LI ST (400J, V 9NUM iTpCONST wSVAL (4001 tQ 'C

.4 B-0
T- 0
IF (NIPeGT.OI GO TO 3

N AGVA RNTR EAT
DO 2 lultNIREAT

AGVARI(Ilz1

2 CONTINLEI O
GO TO IC

*3 CONT INUE
N AGVA~z
00 4 Iz1tNREAT

~I If hi)AToilGVARl NAGVAR=IP(l)
4 CaNTINLE

10 001o IS Is~ A
N e(I WAu A
NA4 I)'0

15 CONT INUE
N;LPTRI (h7AEAT+1)I )-I
M DzFIX(,'o54FLOAT(N+1D)
MED2IFI X( 3. 5*FLOAT( N+21)

CYI Inlal
SVAL I)IS(I

i8 CONTINUE
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CALL SHS C FT(S VAL KEY 9 N)
44*Q5QT a.5* S VAL (ME61).*SVAL(MED21l

C t TE(NO 9 Ill ME01 M4E02 SVAL(ME Oll SVAL (MEU2 IfQ5lo
C1 11 FO4AT(lX,'MECiMEDI21i'SVAL(lt2),MEDIAN'93 131

D0 30 I~lANTREAT
LLSLP7(1)
UL=LPIR(t(1411 1 -1

*K-AGVAftI I I)
N AV( K I =NAV (W +UL-LL+l

IF(V.C-T:QS0) NA(K)=NA(KJ.1
20 C ONT I h LEQ0 B)N()
30 CONTINUE

CO 3r- Im1 NAGVAR
AUA.NA II)
8=B+N8111

35 CONTINUE
NN=N*N
ABuA*B
CONST=FLCAT(Nt /FLOAT(AB1
Go 50 Ii:iNAGV'AR

IF (NAV1119EQ*Of GO TO 50
ANuA*KAV( I
NUMutFLCAT t(NA(If I )-FLOAT (AN$ /FLOAT tN 1 **2
TsTCNST*bUM/FLOAT(NAV( I)1

50 CONT INUE
OFuNAGVAR-1
WRITE(NOF91i1iI Q50iNAGVAR

101 FORMAT(lXo'TH E MEGIAN VALUE CF THE TEST IS',F1Oo3/lXt
*9THE CELL COUNTS OF THE' 3
*6 TREATMEINTS, CR AGGR EGAT&S A1RE:')
WRITE (NCF,1021 (IialNAGVAR)

102 FOAA('s 64

104 FORMAT(lX,' > MEDIAN 1:1614)
WRITE(NOF,103)(NB(I) I-iNAGVAR)98
hRITE(NOFt1051 (NAV ( I),I-iNAGVAR~v

N 03 FORNAT(iX,' -< MEIAN'v16141
105 FORMAT IlX,' TCTALS #tl614)

WRITE (NCEtliOU T,0F
106 FORMAT4 ~ x 'Hji-QUARED VALUE' ,FlO.3/

*lX I CE4REfi6C D FM FRE1
RtEiRN M' 9
END

* SU BROUTINE KRLWAL LI STLPTRtIPRPNOFNTREATt7REATI
C, THIS SUIMS IHE RANKS OF EACH TR ATMENT AND
C, THE SQUARE OF ALL RANKS TO FIND THE OVERALL CH- SQUARE
E STATI ITI FJR THE NUL HYPOTHJSjSTJHAT ALL TREATMENT S

HAVE AN EQUAL MEAb. IFREJECTTHATNULL# THEN THE
C, ADDITIONAL EUP6ERS COMPUTED HAVE SOME MEANING

REAL nTM RJ~ SIAS jLIT40)RP(50)RANK( 4O0),
* EIFNU LP 1R(171 IP1(50 ANOFt1ETlJNRAvJl

N9 LA1EY( 400'JOFltDI 2 TET1,NRANJ1)
NsLPT 71EAT+ , -1

DF 1-N-i
CF 2-N-NT PEAT
E ALL ,RANCLEINLi STSVALSRANKtQKEYtNTREAT,0,1)00 I=1fNTR EAT

10 CONTINUE

SRIDNI=-O.0
A 00 20 I1lNTREAT
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* LLOLPTR(ll
*UL LPTA( 11411))-1

NJ(I )=LL+1-LL
FN(II FLOAT(NJ (I) I
DG 30 jxLLvUL

RsFIAN I'(J)I
RhI(IJ=RNI(I )+R
SSR=S SR+R*R

30 CONTINLE
SRIONIaSRICNI*(RNI1*RNI(IiJ/FLOATiNJ(lfl

20 d L$CAT(N*N+1)*N+1hI4eO
SSQ (SSR-TERM~l/FLOAT(N-1l
T=(SRIDNI-TERPw2)/SSQ
WRITE (NCF,1 t1Oi NiNT REAT, SSR

101 FORM AT(! QX 1 **KRU KA L-WALLIS TEST***I1XiA'IN SET/OFt
*1591 DATA ELEPENTS9 GIVICED INTO",l 5,'SMPLES'/1Xt
*'THE SUM CF SCUARED RANKS WAS' ,F10*3t
*2 THE SUMS OF RANKS/SAMPLE:'/
*/1I VAR Ni' rX 'NR DATA ELEMS',5X'5U4 OF RANKS')
CO, 40 lal NTIA E
WRITE (.Cr 102) TPEAT(I),NJ(IlvRNI(I)

102 FORMAT( 1Xd59fXtI5t12XvF8*2l
40 CONTINUE

bARITE(NOF,1031 T CF1,OFZ
103 FORMAT(1X/1X, 4YI RD ACHI SQUARE VALUE OF:'LvFlO.3/1X

* 1WITH1I5.' LEGREES OF FREEDOM. IF AND CNLY IF'11X,
* *NULL HYFCTHESIS RE JECTEGt FOL NUMBERS CAN4/1Xt
* 'TEST WHETHES SPEC IFIC PAIRS OF VARIABLES HAVE'/!Xv
* $THE SAPE MEAN. IF A83 DIFFERENCE IN MEAN RANKS'/1X,
* 'jR(Il/N(II-F(Jl/N( Jl1 > POCLED STAINOARC DEVIATIONJ'/
*1Xs'TIME STHE T QUANTILE 1-ALPHA/2 THEN REJECT THEO/
*1XHYPO I-ESIC THAT THE PAIR OF MEANS ARE EQUAL*/1Xt

*'(DEGREES CF FREEDOM HERE:',14 ')'//3x' 11
*1 AJ I MEAN RANK POOLED STANDARD DEVIATION' I
CONST (S-C*(FLOAT(NI-1.O-T)/FLQAT1lDF2)1**Q.5
NTM1=NTR EAT-I.
DO 60 Im1,NTM1

IPI P11+1
DO 70 IP1INTPEAT

ACRwA S t(RNI(Il/FN(IlI-(RNI(J)/FN1J)fI
SCPOOLMCONST*U(1,O/FN(II )+(leO/FN(JI)I

,2T AOF9104) IJ A!DJRtSDPOOL
104 FCRMA'1 (X9,21 396Xt F.3t14X ,F10.3l
70 CONTINUE
60 CONTINUE

RETURN
END

SUBROUTINE SQLARK (LIS ,LPTR NTREATTREAT IP90PPNOFJ
CTHIS Tf STS WIETHER A DATA SET HAS EQUAL VAR I ACE AMONG

CALL VAI ABLES BY (1) FINDING THE ABSOLUTE OEVIATICNS OF
C EACH VARIABLE'S ELEMEINTS, IN SUBROUTINE ADEV9 (2) RANKING
C THOSE OEVIATIChS (RANGUElt AND (3) SUMMINdGtSQLARING9 ETC* q
C THOSE RANKS AS RECUIRED TO FIND THE TEST STATISTIC

*REAL LI ST (4OO ijDEV( 4 00) tRP( 5 01 YFNvF M :tFN T :9Rt 4 00 :

UMR J
INTEiR LPTR{ 17),NTRIEATTREAT(17)tIP(5O),9NOFKEY(400)
N1-LPTR( (NTRE IT+1 l)-1

4 FNT=FLOAT(NT)

KEYI 1 1Jul
3 ~ONTINUE

CO 5 J-I#TREAT'
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-: SUtR2J(J)=C
5 SyI4RJ (j)=u
5 ONT lNUE

~UMRaO. 0

IU*= * 0

CO 10IlN
SUMR.S PR*F(lI
JLM2:CuLMR2+RS 2*RSQ

INCR=LFT((J+1)
I~tlGE@ICRJJ J=J*1

SUI4RJ (J3 SUlRJ(J)+R( Il
SLI4R2J(J )=SUMR2J(J)+RSQ

10 CJNTINUA
RZMUSSU MR2U FN7
PMUa SUMR/ FlT
IF (NTREAT. T.Z) GO TC 40

FNaFLOAT (LFTR(2 1-1.)
FMaFLCAT(LFTR(31-LPTR(21)
OTERM ZaFN*Fr4/IFNT-19O)
OTERM IaCTEFM2/FNT
DENOMu(CTEFMI*SUI4R4-OTERM2*R2MU*RZDQJ)**0.5
NUMOSUMR2J (1-FN*R2tIU
T1-NU P/CENCM
WRITE SP910 1) DTERt41,DTERMZSUI'R4,R2MU SUMR2J(lI

101 FORM4AT(1X,'DTERMI-2SU4R4,R2MUSU4J2. l',5F5.4)
WRITE(hCF,1021 TI

1.02 F CRMA T (1OX,'*** SQUARED RANK TEST FOR9
: EQUAL VARIAiCS* ****@/IM, TEST STATISTIC

*FOR THIS TWC SA1PPL E DATA SET IS8,F1O.41
GO TO 95

40 CONTINUE
0 SQ& ( SLMR4-FNT*R2 MU*R24U) /(FN T-1. 0 a
S SJMUuCq0
DO 50AzlNTEA

.~R Ji-SUMR2J(J)*SUMR2J J)
SSJMUuSSJMU+SSSR2J/ FLOAT (LPTR((J+11)-LPTR(J) )

50i (SSJiNU-NT*R2MU*R2MUI/DSQ

103 FORI4ATR X,' SNJUMAR2I'UUMR4DSQ,92Fl0o49F20o4iF1O.4J
10 NRITE(NOF91041 NT EAT, T2
14FORI4AT(lCX9

* *** SQUAREC RANK TEST FOR EQUAL VARIANCE **'
I IN A CATA SET OF ,t1 3

t1 VARIABLES'/1Xv
I THE laSTST ATI S TC' F 10.4)

95 RETURN
END
SUBROUT INE AOEV(LISTLPTR NTREATOEV
REAL LI ST40019,R P(508,DEV 40019 ,VRXPf'UPX(2001

4NJE LPTRJ1 tvTREAT9IP(50) ,NOFtLLrIP1,NX
01 1 NTP
LL4..PTA( II
N I=LPT F(I P 1jLL
DO 12 PolAlI

A(I(IaLIST( (LL+K-1)
12 CONTMliE

CALL l4LVAR(X*NIMUtVARX)
DO 30 Puf1,I

0EV J)=ABS(LIST(J-MU)
30 CCNTINUE
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L ILPTR(I I
WRITE (9 910!1 IWLI ST(LII MUCEV (LI I

105 FORMAT( 1~, 'VAFI#,L.TR;LISTti4U# EV CF LPTR:lt2I.~,3Flo.4)
10 CONT INU E

RETURN
ENO

SUBROUTINE HAPTLE(LISTLPTRtNTREATtTREATIPRFNOFI
C THIS SUBROUTINE FINDS THE STATISTIC FOR THE HARTLEY'S
C TEST FOR EQUAL VARIANCE, AN F RATIO EETWEEN TI-E SMALLEST
C ANDO LARGEST VARIAN~CE IN A SET OF DATA.

REAL LIST(400)1RPC5OhgX(200) 1VMINVMAX1 VARX.FRATIJMU
*INTEGER LFTR(l I ,NTREATTREAT(16 bIP (50 ,9NO, LLPULP

'V VIINz1OJCC0O.C
VMAXm-1 0 *C
CO 10 Ili NTRA

LL=LP70(l)
NI-LPTR( IPlI-LL
D0 12 Nmt

X(K) .LIST( CLL+K-1)1
12 CONTIKLE

CALL MLvAR(XNIA14L VARX)
IF (VARXoGEoVMIN &O0 TO 20

VI IN- VARX
IWMINsTREAT( I)

20 ZF(VARX*LEeVMAX) GO TO 10
V PAX s AR X
IwtdAX=TREAT( I)

10 CONTINUE
FRAT 1 OVPAX/VPIN
WRITE INOF9I11 NTREATIVNINVMINIVMA~tVMAXtFRATIO

101 FORI4AT(10A,-
Nor ****** HARTLY TEST FOR EQUAL VARIAfhCE****'/2X* I IN' ,

*0 A DATA SET %HICH COMPARED 191399 VARIABLES9 'IX,
*0 VARIABLE*1-' HAD THE SMALLEST VARIANCE:F10.4,
*?,'/xt* WIILE VARIALE13,' HAO THE LARGEST' 9FlJ. 4,

4%*/1Xto WH ICH GIVES AN F RATIO OF:0,FIG*41
RETURN
END

SUBROUTINE COFREL(LISTf LPTRNTREATt TREATtNOFt IP tRPI
*C TISURUIETKSLIST COMPOSED OFTWO EULLENGTH

C VARIABLES , PERIFCRPS PEARSONIS, RHO ON THEM THEN RANKS
C EACH VARIABLE, PERFORMS PEARSCN'S RH C ONMWAH TO YIELD

JP EARMANIS, RHCt AI'0 IF REQUESTEDt FIGURES KENDALL'S TAU
IP(1) IS OPTICN;- =SPEARMAN CNLYtOmPEARSCN&SPEARMANPC SjoPEARSDNSPEARMAN AND KENDALL

REAL L 40gP5lSVALS 200J ,RANiK(400),BliOTAUt
* RANKS (0Qi ,)TVALS '00 I NQZOR~iTRANG12O A)

INTEGER LTR I 7) , KEY i01 TSRAT 17 7 I,79NO
T TKEY (2C C)1,SKE Y (20 0 OPT 9 IP(501

IPAIR-LPTR(21-1
IF I IP(1I.LT*C) GO TO 5
IARITE (NOFt20 1

201 FORMAT(16 0X0'*CORRELATI ON**' I
CALL RHO ER L IST, NPAIR ARHO vBIt80 0)
ARITENOF lO1l RHC

101 FOR AT11P AR CNNS CORRELATION ON THE',
I ACTUAL VALLES, OF TWO VARS:'/lOXF1O*3)

KxlII+NPAIR

J KEYC I)-IKEYC 11=1
~VALS (1 1L 1T( I)
.VALS(I)=LIST(K)
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A0LL~ RN ISVALStSKEY thPAIRiSRANQJ
CALL IRNQ (TVALS9TKEYNPAIR9TRANQ)
00 15 1,1NPAIR

K=I+NFAIR
RANK( II=SRANQ( j)
RANK(K)zTRANQ(Il

15 CONTINUE
CALL RHOER(RAJKNPAIRA0B900
kRITE(NCFIOZI &HC RRO8,OO

102 FORM4AT(10.X,**4CORRELATION**'/lX,*PEARSON"S '
* CORRELATICN ON THE RANKS O F TWO vARS',
*j3X, I.E. flEARMAN"S RHC:' ,r-10.51

IF (I~1 1L1I GO TO 95

co0 OINPAIR

NCISIS=G
DC 25 L=IF1 NPAIR

J2S KEV1L)
SC IF-SRANC4J )-SRANQ( IS)
IF(SOIF.LT.O.11 GC TO 25

7OIFzTRANQ(J)-TRANQ (IS)
IF(TCIF.LTo0.IJ GO TO 28

NC CN=NCCN.1
NC ON!S=NCONI S+l3
GO TO 25

28 IF(TCIFoGT.-0.I) GO TO 25
i4D ISaNDIS+l

25 CCTINUENDISIS=NDISIS+l
WRITE(StI1 IStNCONISiNOIsis

141 FORMAT (IX9 'INDEX OF: Xm 9159
*I ' uCONCORDANTOISCCNCCRDANTt2l5I

20 CONTINUF
WtTu.ZO*F L-AT (NCON-NOIS I/FLOAT( NPAIR* (NPAlII

EIENOF9142 I NCCNNDISTAU
142 FOPtMAT(I.O~t'**** KENCALLS TAU ****I/lXt

*' TOTAL. NU 4 8 OF CONCOADANT PAIRS:, /
*4 TOTAL NUPSIF OF DISCONCOROANT PAIR ,I/o 1X v
*4 TAUaOFIC*4)95 RETURN

END
UT EECRET(LISTLPTR, IPiRPvTREATANCF)

Ujj~jP~ IFI T EHY OH SZEDLINE FOR THE REGRESSION
aN NIIP(XLNTR)VARIABLE AND A DEPENDENT
X AR Al IT TEST FIT USING THE SPEARMANS R1-O TC FIND

ANKRELA'TICN ETW EEN INCEPENDENT VARIABLE AND THE
CRESICIJALSe IF USER REQ' OIT9 IT WILL FIND CONFIDENCE

C *QNCS ION TN E SLO FE(81) OF THE FITTED LINE.
* C 1P4 fl: )NCEX CF NDEN VAR IABLE IN LIST 41 CR 2)

C i~ zi OaS ~LEAS 1SQfAR S E T 81,
C ~ sHYP ~SUP LIED IN RPM1

SIP43): 0.10 EP15 OF Y BY XELSE a # OF YIS ESTRP(3+)
* ~ IP(4):* 0.10 CCN~FICENCE INTERVALS, 1mYES

RP(21: VAUE L F W TO COMPUTE THE SLOPE INDICES
* NPMIE kFTR(17),IP(50hiNOFNPAIROPTIONTREAT(15),
PREAL LST(400)i Pt 3)98 1,BO,RHO,S41~0U3OJ NMAD~

*X Y ISU ~tUYjX( 4001 9QALFD2,8 IR &NOADM
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201 FORMAT( Ow^Xt**NON-PARAMETRIC REGRESSICN**iI

XBAR sO
IVBAR aO

* IXa3-OPTICN
IY-OPTION
A r A IR =L P7 F(z21- I
CALL RHOEfS(LISTtNPAI RtRHOB1 ,BO, PTICN)
IRITE (NCFvi011 TPEA4TtIYDTREAT(IXh98i,8O

101 F'JRtAT(lX,
*6WITH DEFENDEN~T VARIAB8LE AS VARIABLE #,Iv5/1Xt

4 'AND EXPLANA1ORY/INDEPE)YQENT VARIABLE AS I/x
*6THE L:AST SCUARES FIT OF LINEAR REGRES S TON IS:'Ibx,

* 6DEP VAR r-9.3,,o * INDEP VAR + ',F13*51
81R=JiP(1)
IF ( 1P421.LTal) B1R=81
IXL=LPTR( 1X511
IYL=LPTR(IY)-I
WRITE(9 67;21 IXLLYL

678 FORMA1(XII X & Y INDICES:' 2I5)
CO 20 N~lnPA R

X-LIST4IXL*I)
UX(J ) x
Y=LIST(IYL411I-elR*X
UX( I )=

hRITE(9 Sd1k LX(IIUX(J)
987 FORMATd~,XtX RESID:I'2F1Q.4i

102 FORI4AT(1Xf; Er TT CORRELATI CN 8 ETdEi.N THE INCEPEN',
*'DENT VARIABLEI/1X,'AND THE RESIDUALS OF THE FIT;'/

I1X9' hHE RE 8 1 ; F 1C94 I
CALL CORREL4U ,LPTR, NTREATt TREAT 9NOF 9DIPPAP)
NESTY=IP(3)
IF(NESTY E *0) GO TO 24

* YSLM=~VSIMLIST(IYL.li
*21 CONT INUE

IF(IP(21*EQolj BOs(YS6.*-81*XSUMI/FLOAT(NPAIRI
kRITE(NOF,12l) NESTY al

121 FORt4ATU1XE3IIATE 6Fs 13 DEPENDENT VARIABLES BY
*IREGRESS CNd I/IX 4WI H 811,FlO.4 i
CO J2 I- i*JYI

UB1*4PA( 2+11 1+.B0
WRITE(INCF t122) RP((2+I)IEY

122 FOKtAT(IXk I NCEP VAR VALUE: tF10.4,
If' DEP VAR ESTIMATE:',qF10*41

22 CONTINUE
24 IF(IP(4)eEC90) GO TO 95

QALF02:w1e0-((11.0-RP( 2I)J*0o5)
NuI4PAIA
I F(NeGT.601

* W=QALFD2*I(FLOAT(N*(N-1I*(2.*N+511/le.0)**O.5)
IF(NoL o.60) W=RP(21
NPM1-NPAIR -1

DO 30 :1ENM=LIST(IXL+II-L IST( !XL+J)
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S (IS M(LIST( IYL+ I)-L IST( IYL+J I I/0O.NO 4
35 CCNTINUEKE(I)S
30 CONTINLE

C ALL S14SOR 7(S . KEY p 1)
I17=17
1 47m41
wRITE(5,816) S(Z 171,S(I471,I S

876 FCRr4AT( X,*SLCPESt #SLOPES' t2F9*4,I51
NRzIFI)(0e5*( IS-WJ)
WRITE(NCF,1031 WNRS(N'R)#NS,.S(NS)

.9103 FORM4AT C1XiC0 BASED CN A VALUEGF W;LsF1C.4/1Xp
-J *'INDICES CF CCFICENCE INTERVAL, & VALUES OF SLP:/

IX 9X'L0 hER BCUJND IN C 2X : 113 t WITH VALUE:' F10.4/1X,
**UPPER dOUND INDEX. i,13v' WITH VALLE:,F1Oo4l

95 RETURN
END

SiLBROUTINE r4OIORE(LISTLPTR,1PRPtTREATNGF)
C THIS SUBROUTINE FERFCRMS M IICT NE REGRESSION 6ASED ON THE
C LEAST SQUAREC FIT OF THE RANKS OF 2 VARIABLES. IF THE
CUSER DESIRSt ESTIMATES CF SPECIFIC VALUES OF JEPENDENT
C VARIABLE Y BASED CN VALUES OF X CONTAINED IN AP VECTGR.
C ALSO, IF THE LSER DESIRES, A TRACE OF THE REGRESSION WILL
C BE LISTED.
C IP(11: # OF CEPENCENT VARIABLE (1 OR 2)
C IP(2): # CF SPECIFIED X VALUES FOR ZXTII4ATION OF Y VALUES
C IP(3): 00 YOU 4AN1 A TRACE? 1=YES OmNO

REAL LIST(400 )tX(200),iY(2001 9RX( 2C0) tRY( 2wC0),tERM2,
* 29AZ FN RP( 01 9 XX VSXY
INTE G9A KEYX ;001KEY(201'NPAI RtIX PIYIF(50),

*LPTR(T) iTPE A7(17)
NPAIRmLPTR(2)-

FY~ IFLOAT(NPAIR

INR IT E( 921C) ]XtIY
C'210 FORMATU X9 IbTO IAONCRE; INDEX OF FIRST XY: t 215)

6.0 10 1=1 NPAIR
X(IJ L ST( JOIX)
Y(I)=LIST( I+IYI

KEYY( I)xI
10 CONTINUE

CALL RNQ(.%tKEVX*NPAIRvRXI
CALL FNQ0 t KE0YvNPAIRRYJ
SXY=O0

* SXXm0 0 0
DO 15 IVA PAIR

Y *LIST +l
15 CONTINYE,* CO 20 j] ,NPAIR

SXYUSXV+RX (II*RY( I
SXXinSX)IRX (I I)*RX(

20 CONTINUE
TERMZuFN*( (FN4j.0 )**2)/4.0
ez-m SXY-TERi42 J/(SXX-TERM2)
A~u( 1.0-e21*4FN+1.o0/2eO
WRITE(NOFtil) TREAT (IP(1il ,TREAT((3-lP( I)i9829A2

101 FORMAT(lCX9'**MONOTONE REGRESSION**$/lX5 USING 89*'LEAST SCLARES REGRESSION ON THE RANKS &FVARIABLES'/
*lXv'WITH VARIABLE #' t13?' AS DEPENDENT VARIABLE Y'/
*lX,'ANO VARIAELE #' 131l AS INDEPENDENT VARIABLE X11
*1X9' R(Y) I 9F9,390 R(W *,F10.3)

NESTIP(2)
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* NzNP AIR
IF (NESToGT.0)

** CALL ESTY( 429829X tYvKEYXv KEYY YRXvRVPN thEST iRP NGF)
IF ( IPM3.Erg.)
*CALL TRACE(AZE2,XYRXRYKEYXtKEYYhNNFI

-~ RETURN
END

C SUSROUTINE ES7Y
*(A2,EZXYtKEYXKEYYRXRYNvNESTRP NOF)

VC THIS FINDS WkE ESTIMATES OF THE DEPENDchT V AR Y
C FOR VALUES OF THE INDEPENDENT VAR X

REAL A2,82,XUOOItY(200,9RX(2001,RY(2001 RP(5CI
INTEGER KEYX(200) ,KEYY(200)tKEYt 2008 ,NES~ %tXSTARTv
*YSTART
IF (NEST*EC*0i GD TO 95
)START=0
CO 5 Ial,1'EST

K EY( )I 
5 CONTINUE

CALL SHSCRTIRFPKEYNEST)
WRITE (992111 RP(1)IKEYI1),NEST

211 FORI4AT(1X,'IN70 ESTY:* RP(l)irKEV(l1hNEST:' .. 10.39215)
4. DO 1c I1 NEST

VALX=R5 ( I
CALL VTCiI(XR.XaKEYXVALXRNKXNXSTART)
IF (RNKX*GEl11 T C 15

WRITE(NDF91011 1,VALXiX(KEYX(1l'lX(KEYX(NhI
1.01 FORMAT(1X,'1EST ~ , 1NCT PGSSI eLE; X;,FlO*4/

9* 9X, FALLS OUTSIDE RANGE OFlvFlO.40 ' ,FID.'e
CC TO 10

15 RNKY=A2+B2*RNKX
Y STARTC0
CALL RTCV (YtR'wvKEYYVALYvRNKYtNtYSTART)

102 WRITEINOF, 102)1, IVALXtVALY
102FORIIAT(1X,*EST 00,3t

* *:)(a$ ,F10*4,' => E(YIX) OFopF1C*41
q? CONTINUE

7 F ETURN
END

SUBROUTINE VTCR(ZRZKEYZVALZRNK2,NZSTARTJ
C HAS A VALUE FINDS ITS RANK

REAL Z(20C1 RZL2OCI, RNKZAVALZ
INTEGER KEYZ( 200)* N, ZSTA T
RNKZ .-i.
IF((VALL.LT.Z(i(EYZ(1 )1))OR.(VALZ.(.T.Z(KEYZ(Nh I))
*GO TC95

CALL INTERF(ZRLI(EYZVALZRNKZNZSTARTI
GO TO 97

95 kRITE(9ilC1I %ALLZ(KEYZ(1J)qZ(KEYZ(N)1
101 FORMAT( XICU7 OF RANGE:*VALtLLtUL:',3FlQ.4)
97 RETURN

C END

SLBRCUTINE RTCV(LRZKEYZtVALLRNKLNZSTART)
C HAL ACRANKi FINDS ITS VALUE

AEI (2 C RL(20OIRNKZtVALZ
JNT GER KEY ( 200)#NiZSTARTIF(RNhLZ*GT.RZ(KEYL(I1)fl.AND.(RNKZ.LT.RZ(KEYZ(Ni))I

* * GO TC 50
I F(RNKZ.LEeRZtKEYZ(1fli VAL~ZZ(KEYZ(lii
F FRNIIL.GE .RZ(KEYZ(Nfl) VALZ=Z(KEYZ(N))

50 CALL IN E(RZZKEYZRNKZVALLNZSTARTI
95 RETURN

END
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CWR UT N II W r C FKEiAV~ 8 A hv- .S A

C THIS S~RUIECOES L N ARNTERPOLATIC9N. KEY lZ TmE

CORDER OF VALS A AND Bo AVAL IS KNOWN#g FIND eVAL. 1STRTr
C IS TPE INDEX CF KEY AT WHICH TO START LOCKING: WITH PRIOR
C KNOWLEGED, SUCI-, A! IF AVAL'Sc WERE SORTEO, ISTART M'AY 6r.
C GREATER THAN C

R AL A2Ci(200),AVALtBVALPROPBPRCP

IzISTART
10 CONT INUE

I 21+1
KUZKEY( I)
IF((AVAL.GT.A(KUJ).ANC.(I.LT.NUJ GO TO 10

KL=KEY((I-111
PROP=CAVAL-A(9L) )I(A(KU)-A(KL)
SPROP=PRCF* (B KU ) -6(KL)
OVAL=B( KL J+BPFOP
ISTART= I-i
R ETUR N
END

SUBROUTINE TR ACE(A2182tXyARXPRYtKEYXKEYYtNNOFJ
C THiIS SUBRCL1INE FIND~ THE TRACE OF THE REGRESIEN
C IN GENERAL BY TAKING THE ACTUAL RANK OF Y, FINDING

*C THE EXPECTED RANK OF X ANC THE CGRRESPONCING VALuE OF X,
C AND THEN PLCIT7ING THAT X WITH THE ACTUjAL VALUE OF Ye

REAL EX (2C3D1 EY(2O00 ,X(2Q0),Y(200)tRX(200iRYL200i,
*RY, A29 82 RYS

INTEGER KEYX(200),KEYY(200)tN.NOF

10 FORMT(NO10I)REO THE MONOTONE REGRESSION I1lX,

RVS=A2+BZ#(RX(KEY X(l I))
IF(RYX.LToRY(I$EYY(li I) GO ?0 5

K=K+l

Y STAR T 3
CALL RTCV (YRYtKEYYYYRYSNYSTART)
EY(K ) z'Y
WRITE(NCFt10Z) EX(K) ,EY(K)

5 CO 10 I-19N
J-KEYY (I)
ERX=u(RN(J)-A21 1B2
XSTART&O
CALL PTCV (XRX#KEYX ,XXERXNPXSTART)

EX(K)=aXX
EY(KJ uV(Jl
WRITE(NCFP102) EX(KIEY(KI

10 CONT INUE
RYBuA2+B2*(RXIKEYX(N))
IF (RYB*GT*RY(I(EYY(N) )) GO TO 20

K=K+l
EX(K~z)a(KENX(NJ)
YSTART=O
CALL FTCV (YRYtKEYYiYYRYBNtYSTARTI
EY K)zlY
WRITE(NCF9102) EX(K),EY(KI

102 FORMAT( lX 2FlCo4l
20 CALL PLOT7 (EX,9EY,9N,911

FETU RN
END

SUBROUT I NE KC LMOG (L IST,9LPTRTR EAT 91P,9RP iNOF)
c THIS SUBRCUTIAE FIND0S THE TEST STATISTIC FOR THE
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KOLMCGORCV ST47IS11C FOR SAMPLES OF UNDER 31 ELEMENTS.

C DEENDNG N NUL HP 9THE TEST STAT ISTI C IS 7HE LAi~uEST t
C SMALLEST OR GREATEST ABSOLUTE DIFFERENCE F(X)-S(X)t
C WHERE F IS THnE HYFOTHESISED THEORETICAL CIST AND
C S IS THE EMPIRICAL COF. IP(1J a CHOICE OF DISTR;
C IP(21 IS THE CHOICE OF HYPOTHESIS
C SEE THE DISTRIBUTION SUBROUTINES FOR MEANINGS OF THE
C OTHER PARAMETERS RP AND IP.

REAL LIST(400) S(400)tF(400)iRP(50)tFNTSTAT
INTEGER LPTR(]bpIP55),NGFr DISTHYPKEY(400)
iRITE(NOF,101 I

101 FORMAT(lC.%t**** KCL$OGORCV TEST ****#)
I-YP IP(2 I
N=LPTP( 2)-l
FN-F LOAT 4 ,

* IDISTIP(l)
DO 10 I=1N

S(I1) FLCAT (II/FN
KEY( I )1

10 CONTINUE
CALL SHSORT( LISTKEY ,N)
IF(IDIST*EQ.J. )CALL NCRMF(LISTtN.RP, FNOFI
IF(IDISTeEC.2l CALL EXPF(L ' STN9RPFNOFJ
IF(IOIST.EQ931 CALL UNIF(LISTtNvRPFNOF)
IF(IDIST E~e4l CALL ERLF(LISTfNRPAIPFNCFI
IF(I~lST.E~o5i CALL WEIBlFiLISvN, RI , F NOF)

P FN7SiNTHP TMINTtAXtNOFI

IF(HYPoEG.2l CALL THYPB(TMAXNOF)
IF(HYPEr,.3) CALL THYPC(TMINNOFJ
RETURN
END

* .C TISSUBROUTINE ERLF( LISTiNrRPIPtFNOFI
C TISFINCS TH-E THEORETICAL ER ALNG DISTRIBUTLCN F, WHERZ

C NNIlPtll)SHAPE PARAMETER, AND L=RP(1IZSCALE PARAMETER
REAL LX, LXNLXLIST(4001,RP(501,F(4001,DNY
INTEGER IP(0 Oft ,NtF ACTh Ml~
NN=IP(l)
hhMi aNN-1

d DO 30 I1,th
FACTal
Xm LIST ( I
LX=L* X
LXN-O
DO 23 JjjNtm3.

F AC -FACT*J
LXN=LXN4(LX**J )/FACT

23 CONTINLE
IF (X.LE.O) F(I1=O
IF (XeGT.01 F(IIl.O-(1.0.LXNI*EXP(-LXI

30 CONTINUE
* hRITE(NOFtl01) NNL

101 FORM AT(lX 9 WI14 H POTHESISED DISTRIBUTUJON ERLANGI/lX,
*IWITH PARAMETERS N=$ 9159' AND LAMBDA=,tFlO.41

-. ~.RETURN
END

SUBROUTINE WEIBF(LISTiNtRPiFANOF I
C THIS FINDS THE lHEORETI AL WEIBULL DISTIBUTION Ft-WHER E

wC A=RP41)=SHAPE PARAMETER, AND L=RP(2)=SCALE PARAMETER
C LAMeDA

REAL A L ,S( lRP (50) ,F(4001

LzRP (21
CO 10 1=19N
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IF (X*LE.Ol Ft(I )z
10 CONTINUE

hvRITE(NO)Ftl0 AL

*'WITH PARAMETERS ALPhA=',F10e4v' AND LAIB0A'vF~o.41m. llpRETURN
END

SUBROUTINE UNIFI LIST Nf RP F NOF)
C THIS SUBROUTINE FINDS TH~ HE R TICAL UNIFORM DISTRIBUTION
C Ft WHERE AxRP(1) -LOWER BOUND, B=RP(2)-UPPER BCUND

REAL C A 1e ,XLIST(430 hRP(50)9 F( 4001

A=RP (1)
e=RP (2)
C=B-A
co 10 Imi K

X-LI Sil1)
IF (X*LEoA) F(11=0
IF (XoGE.8) F(Ilu1
IF((X.GT.A).ANC.(X.LT@Bil F(I11(X-AI/C

10 CONT INU E
hRITE(NC)F,1O11 AAB

101 FOP4AT(1A,'WITH HYPOTHESISED DIS7RIBUTUICN UNIFORM',
*/lXtIWITH PARAMETERS LOWER LIMITz',FlOo4,

I AND UPPER LIMIT-' ,F1Oo4l
RETURN
END

C UBROUTINE LILIEF LISTLPTRiTREA FOR THEOF
C, THIS SUBRCUTII E FINDS THE TE T SAIS RPFOFTH

LA d.am C LILLIEFORS TEST FCR SAMPLES OF UNDER 31 ELEMENTS.
C DEPENDING ON 1IYP07HESIS* TEST STATISTIC IS THE LARGEST
C SMALLEST CR GREATEST Aa. CL4JTE DIFFERENCE F(XJ-S(Xi
C WHERE F IS ThE HYFOTHESL SE THEORETICAL DISTRIBUT1 6 N AND4
C S IS THE EMPIrCAL CDF. ZP(1) IS THE CHOICE CF
C DISTRIBUTIONS; IP(2) IS CHOICE OF HYPOTHESIS. PARAMETERS
C ARE ESTIMATEC: RP(I)=SAMPLE MEANtRP(21iVARIANCE
C SEE THE DISTRIBUTIGN SUBRCUTINES FOR THE l0EAhINGS OF THE
C OTHER PARAMETERS FP AND IP.

REAL LIST(400 ) S(403)F40 R 5lpFTSAtt
*1MIN TMAX ARt SUP 1F4)RP5,FTTAMU
INTE&ER L TR(17)tIP(50)tNOFIDISTHYPKEY(4OO)
HYP-IPIZI
hzLPTP2)-l
FN=FLCAT(h)
CALL MUVAF(LISTNgKUVAR)
WRITE(NOF,1011 MUVAR

101 FORMAT(10tS**** LILLIEFCRS TEST ****'/1x,
*$WITH COMF UTEC SAMPLE MEAN-1,F1O.49

*', AND VAR-' ,Fl0.41
RP (2 1VAR
IDIST&IP (1)
IF(IDIST*EG.2l RP(1)=1.OIMU
co 10 I11N

S(I)FCAT (I)/FN
KEY( 1)=I

10 CONT INU E
CALL SHSCFT(LIST ,I(EY ,NI
IF(IDIST.EQo1) CALL NCRMF(LISTN ,RP, FNOF)

4: IF(ICIST.E~o2l CALL EXPF(LISTN, APtFNOF)
vALL FINCI(StEyN 9 TSUPtTMINtTA No

IF(HYP.Er,.2) CALL THYPB(TMAXNOF)
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IF(HYPsEG.3l CALL THYPC(TMINNOFl
RETURN
END
SUBROUT11NE WILKSH (L ISTtLPTRtTREATfIP ,RPNO3F)

C THIS SUBROUTINE FINDS THE TEST STATIST IC FCR TI-E
C SHAPIRO-WILK TEST FOR NORMALITYAUN < 31 ELEMENTS.

C Pill- NUMBER CF COMPARISONS- TAUNC(# DATA ELEi4S/2)
CRP(1 liooRP(i)= iEIG4TS TO SCALE COMPARISONS

C THE 0ENO INATCR IS~ THE SUM OF SQUARED DEVATICNS CF X;AND
*C HERE IT IS FOLND EY SXX=(N-11i*VAR(XJ

C THE NUM4ERATOR IS SQAURE CF SUM4S CF CCMPARISONS OF VALUES
SOF EQUAL DEPTI-FRCM END POINTS9 EG ITH N CATA ELMS,
XN(liX (N1-(l Ail)IS ITAE TIMES TI-!E

C DIFERENC & 'IMUTlO
REAL LIST(400JqS(400lF(40GJ ,RP(50lFNTSATt?'UvVARt

NsLPTR( Z)-1
CALL MUVAF( IISTtN9MtVAR)
CENOMuFLC*T (N-1)*VAR
CO 5 I-1,N

KEY( 1 1-1
5 CONTINUE

..CALL SH CORT(L ISTKEY9N)
9ZIP(11
SUMWT-O. 0

TEO4 R (~'11*(LIST( N-I*11-LIST4 Ili
WRITEMa~21C) RP(1ltLIST(N-I+1),LIST(I) TEMF

210 FCRMAT I *RPtLISTHItLISTLOTEMP %t4FI1.41

10 CONT I3~M EM
KUM= SUM WT*SUM hT
73=N UP/DEhCM
WR ITE(NOFit01 1 NvMUq VAR6!31 NUMt DENOM

101 FORMAT(1C)1t'**** SHAPIR -WILK TEST FOR NCRMALITY *6

*/1X, WITH A SAMPLE SIZE OF',15/1.Xt WITH CCMPU7ED 'y
*8SAMFLE MEAN;-%F10.4,, AND VAR='vFl0.4/lX*
*@THE TEST STA ISTI $J,1O.4/X
*GFROM NUMERATCR',F10.49't ANDX6ENOMINATOR=u F10o3)
RETURN
END

SUBROUTINE SMIRNZ (LSTLPTRTREATIPARPANOFI
C THE SUBROUTINE TAKES ELEMENTS OF TkoU VAAIA LE SSORTS
C THEM ANC COIMFAIRS THEIR EMPIRICAL CGF*S (FOUND BY
C DIVI6ING THE RANK MINUS BY THE TOTAL NUMBER CF ELEMENTS)I
C 1,M REFER TO FIRST VAR X; JtN REFER TO SECOND VAR Y
C K IS COUNTER FOR CIFFERENCE VECTOR Si L-1 MEANS LAST
C PASS IPill IS THE INDEX OF HYPOTHESI TYPE: laHO: NO DIF

*1C 2=HO:F(Xl<aG(~ i H:F(Xlm>G(Y)
REAL EPS LN1 FNF1,(QtYQOFI SZQTMN

*TMAXaATMAXtAP 9 9DaIT40qP5vSTAT

.4* LPTR(L1NOHP 19R 7
N CALL FINCS(L MTLOTR.,M)K

TMINw2o0
TMAX u-2 e C

CO 25 1~,
IF (S(JJ.G1.TMAX) TMAX=S(I)
IF (S(Il*LT.TMINl TMIN=S4I)

35 CONTINUE
.4ATMI NzAdS (TMI h)

ATMAX=ABS(TMA)
7SUP=ATMlh
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IF IATMAX*GTo7SUPI TSUPmATMAX
WRITE (NCF:1021 TREAT (litTREAT(2 I TM INTMAX tTSUP

*4 WITH DATA SET VAR 0 0 I3,' AS VARIABILE X 4/6x,
$6 NCVAR~',03 ' AS VARIABLE Y'/lX*9 THE MAX C'FFERENCE F(XJ<GIYI:', E16*4/1Xt

*THE MAX DIFFERENCE F(Xi>G(YI:',E1O.4/lx,
$6THE OVERALL GREATE ST DIFFERENCE:' ,FlO.'.
IF(HYP Er,.11 7STAT=T SUP
IF(HYP.EQ*21 TSTAT=TMAX
IF(HYP*EC*31 7STAT-TI41N
WRiTE(NOF91031 TSTAT

103 FORMAT(lX/lX, 'TEST STATISTIC:',F1O.41
RETURN
END

C- -- z-OTINE CVON-M(LIST,9LPT-R TREAT IP,R-PNC-FJ1---
C THIS SUdRCUTINE FINDS THE tEST STArISTIC T2 CF THE
C JR APER- VON M ISES TEST, AND DOES LINEAR INTERPOLATION

C 0ARRIVE AT THE ALPHA HATt ALPHAT*
REAL EPSILN tFN * FMU (4061 1 SUM1 SGAPATANiP
*T2&A TM AiIN T P PDIi LISTI400JiRP (r*01 CCNST
INTE ER JLMAvK~ JiKEYJ ( II'p IF(50)q

* LPTR 1l1OFIkTEATFlIT E T 1 '
N CALL FI NCS(LI.TL TRSvK1

M-LPTR 2)-1
h=LPTR(3 I- LPTF(2)
CONSTOFLCA T M*NI/FLOAT(4M+N)*(MN))
ALPHYPs1.C-RP (1)
SSUumOo0

.4.. 00 35 101 i(

- ~ 35 JI0NT6NJ I

11 WRITEM12li P:N:A&U01S 3 I 4 3 Flo4 ,
CALL CRVALF(fj:ALPHAT1

12 WRITE (NCFt1Ocl TZALPHAT9ALPHYP
12FOPJ4AT41 QXt I***** CRAMER-VON MISES TEST ******'/1X,

$'THE TE 7T STATISTIC T2:',FlO*4/lX,
*'GIVES TIE ALPHA HAT OF: 'F~o.4/IX9
$COMPAREC TO THE HYPOTHESISED ALPHA:' IFlOo4/lXt

N IIYHF HO: F(X)=G(X) FOR ALL X'a,/X
AL~t HVF Hl (KGX FOR AT LEAST bNE X'1

IF (ALPHYP.LE*L T1 WR TE (NOF91111
IF (ALPHYF*GToALPHAT) wRITE (NOF9112)

111 FORMATS iX,' DC NOT REJECT THE NULL HYPOTHESIS')
112 FORMAT Ly' REJECT THE NULL HYPOTHESIS')

RETURN
END

SkBROUTINE CRALF4TZALPHAT)
R AL : 6)ALF(141ALPHATPARTT21DENU9L5IG

W(31:.0.0
%(41 0. O0'H
W (51:0.057
WI 61 .0l
It 7) w0: 14
18) :k 84

k(111&09 461

W( 14 1099
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ALF( 1Um0,C

ALF(2 310*I
-J ALF( 3)=0*2

AL F( 4 1a 0e 3
ALF( 5)=O.4
ALF( 6"Oo.
ALF( 7)=0 o6
ALF( 8)a0.7
ALF( 9)=O.E
ALF( 10)=0,,9
ALF( 111 . 5
ALF(l 121.099
ALF(131 =0.999S
ALF( 141 =1.CISO

10 +1
1 F( eTZ. GT. I)) .AND.(I.LE• 13) GO TO 10
IMl" I-I
NU-T2-W( I/1I
CE-W ( I)-( IM II
FART NU/ CE
LSIGALF ( 1011 +PART*( ALF I-ALF(I M1) I
ALPHAT-1 *C-LS IG
-RITE 9,1311 IPART,T2,ALF(IMIIALF(III,ALPHAT,

* W(IM1,IU
131 FORMATHIxIFAAT.T2,ALF-ALFtALPHAT,13,5FlO.4/1X,

* W( IMI! , lI) ,NU, 6 Ef 4F l O.4
RETURN

C ENDSUBROL7INE UTEST

P RPOSE
- TEST HETI-ER TWO INDEPENDENT GROUPS AFE FROM SAME

POPULATION BY MEANS OF MANN-WHITNEY U-TEST

USAGE
C CALL UTEST(A,R,N1,N2,U,Z,IERJ

C DEJCRI.PTICI OF PARAMETERS
C A - INPU VECTOR OF CASES CCNSISTING OF TWO INDEPENDENT
C GROUPS* SNALLER GROUP PRECEDES LARGER GRCUP. LENGTHCIS NI N2 •

R SOUTPUT ZTF OF RANKJ SMALLEST VALUE IS RANKED 1.
LARG ST I4 RANKED N. ES ARE ASSIGNED AVERAGE OF TIE

N1 - NUMB CLEGCASES IN SMALLER GROUP.

N2 Nr BR OF CASES IN LARGER GROUP.
C L - STATISTIC USED TO TEST HOMOGENEITY OF THE TWO

I C GCP (UTPUT).
C Z - MEASURE CF S5JGN IFdiANCE OF U IN TERMS OF NORMAL
C DISTRIBUTICN (CUTPUT)*

IER- O IF NC ERRCR•
C1 IF ALL VALUES OF ONE GROUP ARE TIED.

REMARKS
Z IS SET TC ZERO IF N2 IS LESS THAN 20

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C RAIK

TIE

CME THOD
DESCRIBED IN S* SIEGELt 'NONPARAMETRIC STATISTICS FOR THE
BEHAVIORAL SCIENCES', MCGRAW-HILLP NEW YORK, 19569

CHAPTER 6

O• eC .. •eeo•• •go go• • ee•ee OO•gg O •O Oeg •••
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'S C
U ~**.SBRO0UT I NE U TE ST( AARph ,N ,2 9U 9 tI E R

EIMENSION A(l 1R(11
SRANK SCORES FFCM EOTH GRCUP TOGETHER IN ASCENDING ORDERt A

C ASSIGN TIEC CBSERVAT1ONS AVERAGE OF TIED RAh'KS
C N-NI +N2

CALL RANK(AtRiNi
ZZ00O

-I C
C SUM RANKS IN LARGER GROUP
C

R2-0*0
NP-NI.'
CO 1.07NPiN

10 R2-RZ+R(I )

C CALCULATE L
C

FNX- N1*N2
FN-N
FN2-NZ
UP=FNX+FN2*( ( FN241.O )/2oO)-RZ
UmFNX-U P

20IF(UP-JI 2C,3C,3
2UUP

C
C TEST FCR N2 LESS THAN 20
C

C30 IF(N2-201 80t40940

C COMPUTE STANDARD DEVIATION
* C

40 KT-I.
CALL TIE(P9NPTTS)

50 (T-(FN*FN*FN-FN/12)52951952
51 JER-i

0OTO 80
52 S;InRT(FNXI(FN*(FN-l.0))i*(((FN*FN*FN-FN)I12.Oi-TSOI

C60 S=SQRT(FNX*(FN+i.01/12.0)
C COMPUTE Z
C

70 Z;(U-FNX*C*5)/iS
80 RETU RN

C
SUBROUTINE RAfKA ReNI

C N~~IONLITO
00 10 11,Nh

10 R(I)m0*0
C FSORANK CF DATA

00 1 0 sN
C T STWI4ITMIR DATA POINT IS ALREADY RANKED

C OA A PiINTT6 BE RANKED

EQUALu0eC
X*A(I)
00 50 JulN
IF(A(JI-Xi 30, 40 5C

C COUNT NUN BER OF DATA POINTS WHICH ARE SMALLER

209



, 30 SMALL"SMALL..oO

GO TC 50
C COUNT AUMBER OF DATA POINTS aI+hCH ARE EQUAL

40 EQUAL"EQUAL+O °0
R( J1 U-1 o C

50 CONT INUE
C TEST FCR TIE

IF(EQUAL-1.I* 60, 60, 70

, CSTORE RANK OF CATA PCINT WHERE NO TIE

60 R(I) *SMALL*I.C
GO TC OC

C CALHULATE RANK OF TIED DATA POINTS
70 P"SMALL * (EGLAL + 1.01*0.5

CO 9c J-IN
IF(RIJI 4.Ic sot eop 90

80 R(J)u P
90 CONTINUE

100 C NR TURNU

ENDC OO B e •. o. Oe Beeeeee O•Be Qe ee • • eee eeee Oe

C CIMENSIQI. R(1' I KT
C INITIALIZATION

T=O. 0V.0. 0
5 )IaI.0E38

INDo

FIND NEXT LARGEST RANKC =

~10 IF(RIII-Xi 20930930
20 X=R( 1I

IND. IND*1S30 CONTINUE

c I ALL RANICS HAVE BEEN TESTED9 RETURNMF(IND) 9C990,40

40 VwX

C CT LI 8NT TIES
(Q6 11 N

I(R( 1-ah60,50,60
p.50 ETaCT+1.O

60 ONNU
C CALCULATE CORRECTION FACTORIF CT 7 T~7C

T'm +CT*P( CT 1!1;7.

GO TC
TmT+(CT*CT*CT-CTI/12.0

o90 ETURN
END
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